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A. Introduction 



Applicants submit this Response in a bona fide attempt to (i) advance the prosecution of 
this case, (ii) answer each and every ground of objection and rejection as set forth by the 
Examiner, (iii) place the claims in a condition for allowance, and (iv) place the case in better 
condition for consideration on appeal. 

Claims 1-29 are presently pending in the application. As indicated above. Claims 1-5 and 
7 has been amended and Claims 6 and 1 8-29 have been cancelled* Claims 18-17 has previously 
been withdrawn. 

Applicants respectfully submit that the noted amendments merely make explicit that 
which was (and is) disclosed or implicit in the original disclosure. The amendments thus add 
nothing that would not be reasonably apparent to a person of ordinary skill in the art to which the 
invention pertains. 



As indicated above, Claim 1, as amended, is based on pending Claim 24 
(now cancelled), i.e. the preamble of Claim 24 has been incorporated into Claim 1. The 
limitation directed to "administration of a differential factor selected Jrom the group consisting 
of IGF-n, a precursor of 1GF-II, an isomer of TGF-U and an analog of IGF-TF has also been 
deleted and the limitation directed to "administration of an effective amount of TGF-1T to a 
pregnant female mammal in the first half of pregnancy" has been substituted therefore. 

Support for Claim 1 , as amended, is set forth m the specification, as originally filed, e.g M 
Example 4 discloses administration of IGF-II to a pregnant female mouse in the first half of 
pregnancy. Support can also be found in original Claim 5. 

Claim 2, as amended, reflects that the "effective amount of IGF-II" comprises an amount 
sufficient to promote binding of the IGF-TT to a cation independent mannose 6 phosphate 
receptor expressed on a cytotropboblast cell " Support for Claim 2, as amended, is also set forth 
in the specification, see t e.g., pp.10-13. 



B. Response to Rejections 
1. Claim Amendments and Support Therefore 
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Claims 3-5, as amended, arc directed to administration of IGF-n by subcutaneous 
delivery and/or vaginal pessary. Support for Claims 3-5, as amended, can be found in the 
specification, as originally filed, and in pending Claim 1 8* For example, Example 4 provides 
support for the administration of 1GF-H via subcutaneous delivery. The use of vagjnal pessaries 
is disclosed on page 13, line 33 of the specification. 

Claim 1 3 as amended, is directed to the pregnant female mammal being selected Jrom the 
group consisting of a human, a horse, a cow, a pig, a goat and a sheep. Support for Claim 7 can 
also be found in the specification, as originally filed, and in pending Claim 7. For example, page 
7, lines 12 and 13 of the specification provides suitable mammalian species. 

2.35US.C §112 

The Examiner has rejected Claim 24, which is now embodied in amended Claim I, under 
35 U.S.C. §1 12, second paragraph! "as being indefinite for foiling to particularly point out and 
distinctly claim the subject matter which the application regards as the invention." The 
Examiner contends that Claim 24 (now amended Claim 1) docs not recite *Svhat the effective 
amount of the differential factor is supposed to achieve/' 

As indicated above, Claim 1, as amended, now reflects that administration of an effective 
amount of the differential factor, Lc. iGF-H, improves a physiological characteristic selected 
placental growth, placental development and placental differentiation, 

3. 35 UJS.C. §102 

The Examiner has also rejected Claim 24 (now amended Claim 1) under 35 USC § 102(b) 
as being anticipated by U.S. Pat No. 5,420,1 1 1. The Examiner contends that U.S. Pat No. 
5,420,1 1 1 teaches a method of administration of IGF-n to a pregnant female at "any time from 
conception onward". 

It is well established that a rejection for anticipation under § 102 requires that each and 
every limitation of the claimed invention be disclosed in a single prior art reference. See In re 
Paulsen, 30 F.3d 1475, 1478-79, 31 US*P.Q. 2d 1 671, 1673 (Fed. Cir. 1994); Scripps Clinic & 
Research Foundation v. Gcncnteclt, Inc. 927 F.2d 1565, 18 USJ\Q. 2d 1001 (Fed. Cir.1991). 
See also American Permahedge. Inc. v. Barcana, Inc.. 857 F. Supp. 308, 32 U.S.P.Q. 2d 1801, 
1 807-08 (S.D. NY 1994> ("Prior art anticipates an invention ... if a single prior art reference 
contains each and every clement of the patent at issue, operating in the same fashion to perform 
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the identical function as the patent product, ... Thus, any degree of physical difference between 
the patented product and the prior art, no matter how slight, defeats the claim of anticipation."); 
Transco Ex parte levy, 1 ? U.SJ?.Q. 2d 1461, 1462 (Bd. Pat App. & IntU 1990) ("[TJt is 
incumbent upon the examiner to identify wherein each and every fecct of the claimed invention 
is disclosed in the applied reference".) 

Applicants respectfully submit that Claim 1, as amended, and Claims 2-5 and 7, 
dependent thereon, are not anticipated by U.S. Pat No. 5,420,1 1 1 . 

U.S. Pat. No. 5,420,11 1 discloses administration of IGF-I to a pregnant mammal to 
promote fetal growth. Hie * 1 1 1 patent does not disclose that the administration of 1GF-II (or 
TGF-1) improves placental growth, development or differentiation. 

In support of the contention that US. Pat No. 5,420,1 1 1 discloses administration of IGF- 
II to a pregnant female mammal, the Examiner relics on the statement in the 1 1 1 1 patent that 
"although the studies to be discussed herein concentrate on the use of IGF-I, the claims extend to 
IGF-TI and analogues of IGF-I and TGF-H as these arc known to exert a similar biological effect 
to IGF-T (Schoenle ct aL, Acta Endoc. 1 08: 167-174, 1935)." 

However, it is submitted that one ski lied in the art would recognise that the biological 
effects of IGF-TI are quite different to that ofTGF-I (see, e.g., Fowden A* U, 'The Insulin-like 
Growth Factors and Feto-Placental Growth", Placenta, vol 24, pp. 803-81 2 (2003) and Sfermzi- 
Pcrri, ct aL, "Maternat Insulin-Like Growth Factors-I and -II Act via Different Pathways to 
Promote Fetal Growth", Endocrinology, vol 147(7), pp. 3344-3355 (2006), copies attached). 
Thus, one skilled in the art would recognize that while the * 1 1 1 patent discloses that treatment of 
IGF-I to a pregnant female mammal may extend to analogues of IGF-I, one skilled in the art 
would also recognize that the disclosure docs not extend to IGF-IL 

Applications further submit that U.S. Pat No. 5,420,11 1 does not disclose when or how 
to administer 1GF-H to a pregnant female to improve placental growth, placental function, 
placental development or placental differentiation- Further, the '111 patent docs not teach or 
suggest that the administration of IGF-IT to improve placental weight, development or 
differentiation. 

The U.S. Pat No. 5,420,1 1 1 merely discloses that the compositions may be administered 
"at any time from conception onward" (column 2, last paragraph). Indeed, the 4 1 U patent 
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discloses that IGF-I is 4t [d]esirably administered close to the time of birth of the fetus" (column, 
last paragraph), which teaches away from amended Claim 1 . 

In addition, given the lack of teaching in U.S. Pat No. 5,420,1 1 1 as to how and when to 



growth, development or differentiation would not necessarily flow based on the teaching 
provided in the '11 1 patent 

U.S. Pat No. 5,420, U 1 also teaches away from the current invention by stating that 
IGF-T has no effect on placental weight (sec Example 1). The '111 patent further discloses in 
Example 3 that since IGF-I does not cross that rat placenta, the effect of IGF-I is clearly in the 
maternal compartment (see column 8, 3 rd paragraph). 

Applicants therefore respectively submit that Claim 1, as amended, is not anticipated by 
US. Pat No. 5,420,1th 



Applicants, having answered each and every ground of rejection as set forth by the 
Examiner, and having added no new matter, believe that this response clearly overcomes the 
references of record and renders the claims clear and definite, and now submit Claims 1-5 and 7 
in the above-referenced patent application are in condition for allowance and the same is 
respectfully solicited 

If the Examiner has any further questions or comments, Applicants invite the Examiner to 
contact their Attorneys of record at the telephone number below to expedite prosecution of the 
application* 



administer IGF-IT, one skilled in the art would recognize that an improvement in placental 



TIL CONCLUSION 




Respectfully submitted, 
FRANCISJAWGRQC 



Dated: January 8, 2007 



1942 Embarcadero 
Oakland, CA 94606 
Tel: 510.533.1100 
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CURRENT TOPIC 

The Insulin-like Growth Factors and feto-plaeental Gro^Arth 

Abigail U Fowdon* 

Duportmcnt ol Physiology, Unlvorsity of Cnmbrldgs. Oownlng Strom, Cambridge C&2 UK 
Pnpor flCCdpicd 5 March 2003 

The Insulln-Ukc growth factors, IGF-I and TGIMT, have an important role in fetoplacental growth throughout gestation. They 
have metabolic, mito^nic and ditferentiatlvc action* in a wide taftfcc of fcUt tissue* including tite placenta. Bmh 7tf7 and 
gene* arc express cd in fetal tissue?. Expression of the 7^/2 gcrtc » more abundant than tgfl Rene expression during mid tn late 
gestation. Rmh IGF*a are also present in the fetal drculatlons with fold higher kvda of 1GIM1 dum JGF-1 during late 
gestation. Expression or the Tfcf |*et>c* tn developmental!)' regulated in a tissue specific manner and can he allotted by nutritional 
and endocrine conditions in utera. Deletion of dthcr Igf gene of the Igflr gene retard* fetal growth while ovcr-cxpreasion of IGF- U 
lead* To fetal overgrowth. In mice, placental growth t* alTected only by manipnlation of the IzP gene. The JGF*» also effect the 
growth of individual fetal ti**Ue* and in fluence tl\c uptake and utilization of nutrient* by the fetal and placental tissue*, Circulating 
concentrations, and tissue expression of the lGF*s are reduced by undernutrnian and ddidency of nutritionally •ensitive 
hormones such a* insulin, thyroxine and glncocnrtlcoids. In general, the Xgp gene is more responsive to these stimuli than the 
Izfi Scne. In addition, the effect* of lite lGFs on fetoplacental growth can be amplified or attenuated by thclGF binding prolans, 
which arc themselves regulated by nutritJonal and endocrine signals. The IzP Rene appear* to provide the constitutive drive for 
intrauterine growth via it* placental effects and direct paracrine actions on fetal tissue while the gene regulate* fetal growth 
in relation to the nutrient supply. 

Placenta (2003), 24, 803-81 2 ID 2003 maoicr Ltd. All right* reserved. 



INTRODUCTION 

The Insulin-like growth factory IGF-I and LGH-li, have a key 
role in regulating fctn-placcmal growth throughout jjcsUttonJ 
They have metabolic, mhagenic and dilferentiative actions in a 
wide ranee of fetal tissue* mduding the pbcenta (Junes and 
Clcmmons, 1995). They act a* progression factors in the cdl 
cycle and increase DNA synthesis and cell differentiation in 
cultured embryos and several different fetal cell lines in vitro 
(Han and Fowden, 1594; Gardner ct al., 1999). Thdr conccn- 
oration* In the fetus in vivo arc posltivdy correlated to birth 
wdghl in a number of opecies Including humans, primates 
sheep* pit**, rabbits and rodents (Daughaday et a)., 10B2; 
Gluckman et al., 19B3; Lee, Chung and Slmmcn, 1993; 
Tarantal and Gargosky, 1995; Kind ct al., 1995; Thakur et al., 
20Q0; Qng et al., 20Q0). This review examines the relationship 
between the JGFs and feto- placental growth and places par- 
ticular cmphaaU on the expression, action and retention of the 
IGFs in fetal and placental tissues. It considers the insulin-like 
growth factor binding protdn* (JGFBTs) in much leys detail as 
thdr regulation and role in modulating the actions of the ItfFu 

■ To whom coirapondcnce toould be *iUliwuh Tel.: ++1-11123- 
333ttS5; hue +-M. 122^333840; £-matU ainQQO@wiwtc.uk 

OH wniM/nJ/S-MT fronr miner 



have been reviewed recently (Allan* Flint and Patel, 20D1; 
Schneider et a).* 2002; Mohan and Baylink, 2002), 



EXPRESSION OP THE IGFS BEFORE BIRTH 

In many specica, both the ljJ7 and trf2 genes are expressed in 
fetal tisaues from the earliest stage of pre~imptauiariun 
development to the final phase of ttauc maturation just before 
With (Watson ct al M 1994; Hill, Petri* and Arany, 199B; 
Fowdcn, U and Forhead* 1^9fl). During mid to late gestation, 
)$/2 gene cxpreasian U widespread in fetal tissues and is more 
abundant than fe/3f gene expression in rodents, ungulate* and 
humans (Hill, 1990; Dclhanty and Han, 1993). Both tGFa arc 
nbo delected in the fetal circulation from early in gestation bur 
plasma concentrations of IGF-H are 3-10 fold higher than 
those oflGF-1 during late gestation in all spedes studies so far 
(Table I), Tissue and plasma IGF-11 arc also higher in the 
ferns than in newborn or adult animals in most spedes 
[Gluckman and Butler, 1983; Mesuno et al., 1987). In rodents, 
lGF*n exprestion disappears from most tissues except the 
brain by weaning, with tin; consequence that ICF-D is virtu- 
ally undetectable in adult plasma (Lee, Untar and Kfstratiadia, 
1990; Singh, Rail and Styne, 1991). In ungulates, Jtf2 gene 
© 2003 (frettcr U4. AU righto tw*tA* 
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Tabid. Fetal plawna to nros rations of IGP-T and IGF-IT duriao 
Utc ^oouiioa in different tpccfo 

M«*ma concoumtjana 
Cng/ml) 



ICF-l 



IGF.U 



Refer c 



HuttiatJ 
Monkey 
Sheep 
CattJc 

?i* 

Guinea 

Pig 
kat 



50-100 1 5IM0O Gluckinan ct aU 1 9 ft* 

301M00 Tarantal & Garaoaky, 1995 

50-100 400-1000 Chrcm ct al., IW 

SO-SO 280-360 Holland ct al,, 1997 

*WW> 500-100 Joitca ot *h, I9fl7 

flMOO 1QO-70P Daujlwday ct a|„ 1*J32 



expression is retained in certain peripheral ti*»ucs, audi a* 
skcktalmusclc after birth and, hence, IGF-U m present in the 
adult circubrinn, albeit at lower concentration* than in rhe 
fetus (Mesiano ct aL, 1987; Lee, Chung and Simmon, 1993; 
Holland et ah, 1W7). In contrast, tissue expression and plasma 
level atlOF-l are low in utero compared io postnatal values 
(Oluekman and Budcr, 19tt3; Mesiano et al n 1987; Singh, Rail 
and Stync, 1991). Plasma 1CF-I level* increase rapidly after 
bmh t primarily as a result of the onset of growth hormone 
(GH) stimubtcd IQV-l production by the liver (Gluckman, 
1995; U cc aU, 1999), There is, therefore, a shift m TCP 
predominance from IGF-TT before birth to iqF-I after birth, 
which ha* led to tlte concept Urn IGF-ll is the IGF primarily 
responsible for fetal growth (sec Gluclcman, 1995; Jones and 
Cletnmons, 1995; Allan, Flint and Parcl, 2001). 

Abundance of the IGF mRNAi varies widely between 
diflcrcm fetal tissues and with gestational age. In the sheep 
fetus, for instance, IjJ2 gene expression is particularly high in 
the lung and Wdncy while IGP-1 tnRNA abundance Is highest 
in liver and skeletal muadc (Dclhanry and Han 1993; Kind 
ct al., 1995). Similar differential patterns of IGF impression 
have also been observed tn feul tissues from rodenrs and 
human and non-human primates (Hill, 1990; l*cc, Untar and 
Efstradadls, WO; Lee ei al., 2DU1). The developmental 
changes in IGF expression arc also tissue and IGF specific. In 
fetal sheep, Irfl gene expression is up- and down regulated 
during bre gestation In liver and skeletal muscle, respectively 
(Fljy, 1), while gene otpression is suppressed in theac 
tissues and the adrenal, although not in the lung and kidney 
towards term (Li etai., 1993, 199G; U ctal., 1994; Porhead 
ct aL, 200J). The switch from widespread local production of 
IGF before birth to a more selective pattern of expression after 
birth, therefore, begins during late gestation before delivery 
actually occurs. With the transition from parenteral to enteral 
nutritinn at birth, the perinatal switch from local production of 
predominantly TGF-U to GH dependent production of 1GF-T 
contributes to the waring of the growth regulatory mecha- 
nisms that ensure continued postnatal growth in the new 
nutritional environment* 

In the placenta, expression of lhe IQFs is suede* apceilie, 
The rodent placenta expresses only the ///? gene while the 



Pbt*n* (tto& Vol. 21 

placenta of guinea pigs, ungulate*, human and non-human 
primates express both Jtfgcncs (Ue, Urttar and Efatratiadis, 
1990; Leonard,* Stewart and AOrn, I99S; Man and Carter, i 

2000) . In the latter species tlus wo JGFs ore often localiacd m 
specific pbcental tissue* (Ue. Untar and Efatratiadis, 1990; 
Han and Carter, 2000). In sheep, IOMI mRNA is found 
primarily in fetal mesoderm within ihe pUccntotnea while 
JGIM rnllNA is confined to the uterine glands in the imcr- 
cnrylcdonary regions (Wathcs ct al., 1998). In general, TGP-H 
is expressed in fetal tissue at tlte fetal-maternal interface of the 
pUcenta and in the invading trophoblast in species with 
invasive placcmarion (Han and Carter, 2000). Much less is 
known about the developmental changes in IGF expression in 
placental than fetal tissues but increased expression of IGF-1I 
has been observed in syneytlotropboblast and whole villous 
t'uitue of primates with increasing gestational age (pollers ct aU 

2001) . Tn ruminant*, the pbecnta Is both a source of fetal 
plasma TGF-U and a site for IGF-I clearance from the fetal 
circubtkm (Bassett ct al., 1990; Holland et ah, 1997). . 

Each of tlte ///genes lias several premolar* which leads to 
multiple iiiKNA traiuvcripu with ditfemu 5' and 3' un- 
translated regions (Diekson, Saunders and GUmour, 1991; 
Gilmour, 1994). These spUee variants show developmental and 
tissue-specific patterns uf expression m the fetus (Adamo 
ct al., 1989; V et al, 1996; Un and Obcrbaure, 1998; 
Cortstanda ct aL, 2000). In sheep, the JGF-1 mRNA tran- 
scripts are classified as Oaw 1 or Oass 2 depending on 
whether they are derived from 5' leader ocons 1 or 2 (Gilmour, 
199-0, In adult liver, Cbas 2 transcripni predominate whereas, 
in fetal liver, Oass 1 is the primary transcript for most of late 
gestadnn with little, if any, Class 2 expression until pint before 
term (Figure 1). Simibrly, the IgP gene is expressed from at 
least two promotors In utero in n manner which b tiwue 
spednc and dependent on Gestational age (U et at, 1998; 
Coostancia ct aU, 2000), Tlte gene is also imprinted and 
expressed only rrom the paternal allele in the pbecnta and 
wcral fetal tissues excluding the brain (Fcrguaon»Smith 
et al., 1991; Minao and Simonl, 2002). However, after birth, 
Isfi cvprasion becomes biallelic in ticsucs, such us the liver, in 
a number of spedea including sheep, canlc and humans, 
although not in mice (DcChiara, Robertson and KXatrariadls, 
1990; Kalschcucr et al., 1993; Davica, 1994; McUren and 
Montmonery, 1999). Imprmdng of f£f2 is controlled by the 
rV/9 gene, whielt b itself imprinted and dcvclupmcnntlly 
regttluted (Scnioi: et aU, 1996; Naimeh et al., 2001]. Consc- 
quendy, there are otttogenlc sliifts in Itfl Imprinting and 
ICS gette promotor usaac wlndi may inlluence IGF bio- 
avaibhlllty in pbcental and few! tissues at critical staRca of 
development. 



THE ACTIONS OF THE IGFS ON TISSUE 
GROWTH ANO DEVELOPMENT IN UTciflO 

Tn recent years, manipubrion of gene expression In mice 
has been used widely to establish the role of the IGFa in 
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FumIcu ICil't u*J fetoplacental Growth 



BOS 



Skeletal muscle 



Liver 




-4 147 n 
■4 132 n 



9M0O 110-114 127-130 136-140 
Gestational age (days) 



142-145 



?£i r "J' VfS!™**"*^??' 1 t*n***Pt*»*}on in fcttl wine riwi ^rm 5 bte gaudon. Autvn>dbvm» uTRNA-t prwecrfwi intf udtiB twin, IGIM 
nhflprnht* mm SO uxal UNA m c^rnd from Uvcr and i^lciM nwidt: bi'erotip- or control «Jieq» fewta aiwJ IKM4S Any nf&mihxi (mto H5 + 2diYil. 

Tablo 2. The cttccta or dimipiion cf gene* corMmllins IGF WaavaflafeWty on fetal and ptaetul wel*hii m mkc durinc Uio iteration 



Cutis Idrjjct 



Effect 



Per cent of tiurmal wduht 

f^wCA) Placenta C^f TUTrfence 



?ZP No tissue or utatma lpF-t 

<c/? No ti«a ue or plum* TGF-I1 

Placenul PO tj? OccreMe.placcnuJ JGP-TT. 

Normal fcml IGF-JJ 
lOF-typc 1 No lotion of IGF-T/IGP-U at 

receptor VgJIt) tGFIr 
GF-r/pc 2 No tGF.IT clearance, 

rccqjtur VtP*) Jncreawd plaum* TCF-JI 
JOT No suppicwnim «r matenul /jef 2 alkie. 

Tticrcticd ds&uc IGF-IT 
to?r and mereaicd tiaiuc and pbuma IGF»1I 



60 


100 


60 


75 


75 


65 


H5 


100 


140 


HO 


130 


HO 


200 


200 



Baker ctal.,l9M 

DeChfcua, Jtnbcrtvon nnd Efrtraoadla, 1Q90 
OiruuncU ct aL, 20t£ 

Uakcrot^ VJ93 

LudwfRcrah, 1996 

Uu ct ai, 1W 

EgBentthwiler ct a| H 1*197 



fcto-placcntal growth {Efttratiadis, 199K). Deletion of either 
the or ltf7 jtme retards fetal prowth to a similar extent 
(Tabic 2), When both sencs are deleted simultaneously, the 
effects on fetal growth are additive and the double mutant* 
arc nnly 3D per cent of Uic normal bodyweigtu at term 
(Efstratiadts, 1998). Deletion ordte tCF-rypc 1 receptor ftcne 
UsPr) produce* a more severe growth retardation titan seen in 
cither the tgl or null* (Table 7) which sumicat* that borh 
IGFs act throurjh the type 1 IGF receptor to stimulate tissue 
accretion (Eferatndiii, 1998). Conversely, fetal growth Is 
enhanced by 1GP-U ovcrH^presswm caused either by deletion 
of the TGE-typc Z clearance receptor {frfZr null) or by blallelie 
1GF4J expression in response w Jzfi imprint relaxarian 
induced by disruption of the IIJ9 gene (Table 2; Law et si.. 
199-1; Ludwl^ ct ah, 1996), feral evertfrawth lit pjeatest Ju the 
double itfltiHM mutancs wltidi luive the hiRlteu 1C1MI 
IcvclR and the lar»ent placentae fl^ble 2; EBgenaehwIlcr et al., 



1997). In the human, homo)tygoud partial deletion of the 3GF-J 
gene U uUo aasociated with faiturc of growtK both in utera and 
postnaully (Wood* ct ah, 1990). 

These IGF-induccd changes in fetal bodywejght are ao> 
comptinied by abnnrmali rtca in the development of individual 
fetal uVauci (Woods ct al., 1996; Efctratiadi*, 199R). *11ie trf) 
and iffi null mice were botli viable althouBh they showed 
delayed awincation and seitcraJ dwarfi«ns at birth. The 
irrowth rate or the Stft< but not null mice remained low 
after birth which w contfUtent with the loss ufJGF-IT expre^ 
Ston in wild typett after weaning (see Mioaao and Stmoni, 
2002). Deletion of the IGF type 1 receptor had more wide- 
trprcad effects on murine tissue growth and lead to delayed 
osaineadon, rhtn akin and hypopUeia of respiratory and other 
mimclcB, which proved fatal at birth (Efstratladii, 199B). 
Over-expretfljiDrt of IGF- II caused pmer&Uxcd ortpnnmc^aly 
with kinky tails, extra toes oedema and cardiac abnormal lu'eg 
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and was usually lethal at birth (Uu ct al„ 1994; l*uvL Aecili 
an I Efttrauodl^ 1997). Similarly, In sheep produced* vim, 
orby cloning, increased ICF-U exposure induced by reduced 
lab arprcttiori is associated with multiple developmen- 
tal abnormaJmcs, muscle hypertrophy and generalized over- 
growth of the fetus fYouog; ct aL, 2001). 

In mice, placental growth k affected by manipuhrion of 
the Ifo but not thc W ^ /*/7r geqoi (Table 2). The 

?£?r? ? rcTarded * 3<M0 in mice that lack 

IGMI ether In aU placental cdl types (fgfl null, OeChiara, 
Robertson and Efstratiadis 1990) or in the labyrinthine Jo. 
phobUit cell* specifically (FO null, Constancia ct ul M 2002]. In 
P0 mutants, the placenta is amall but morphoto&ieally normal 
whereas, tn (fJ2 nulla, placental growth retardation ut ac- 
companied by structural abnormalities, particularly in the 
elycojten celts (Rossant and Crows 2051; Comtancia ct at, 
2002). Conversely, placcntomegaly occurs when 1CF-U is 
uw-arprowed by change* in 1GF-I1 clearance or Itfl inw 
prumns; (Table 2). The Growth stimulatory effects or IGF-tl 
on the placenta may be paracrine and/or endocrine but du not 
appear to be mediated via die IGF type J receptor CTobte 2), 
Placental isrowrh is also norms! in double mutants locking botli 
IGF type J and insulin receptors which stt|ftc*ts die IGF-H 
may act through an unknown placental specific receptor 
(Louvi\ Aecili and Efctimiadls, 1997). The existence of another 
type of IGF rcccptur in the placenta may also explain the 
unutmal characteristic* oflGF-1 binding observed In the ovine 
trophobtast between 45*75 days of gestation when no Jtfr 
tfene expression can be detected in the placcntamcs (UcroU 
Scrvcty and FCann, 1995; URoith et al n 1995; Wathc* et td«j 
1998). However, whefher ihit placental specific IGF rcccptur 
U responsible for placeniomepily in mice during TGF-U 
ovet-cxpewure rcrnauw unknown. 

In rjj2 nulla, placental and fetal growth retardation occurs 
in parallel and bejrins around mid gestation (fiaker ct al., 1993), 
In ?0 mutants lactins only In rhe labyrinthine plJ 

cento, trowth retardation of the placenta beftins at a simitar 
starje but rjrowth of the fctua U not slowed until much later In 
ccstamin (Coiwcmcia et at. 2002). At term, the wdjtht of die 
fetus produced per cram of placenta was greater in PO mutants 
than In wild types although both the P0 placenta and fetus 
were smaller than normal at this stauc These observation* 
sujnjesT that IGF-11 may affect the functional capacity of the 
placenta to transfer nutrients as well a* placental size. Doth 
lGFs have been shown to alter glucose and amino acid transfer 
across cultured human trophnblast derived Cmm chorionic villi 
(Kniss ct al., 1994). Similarly, administration of IGF-l to 
either the fcrus or mother has been shown to alter the transfer 
and partlnontna; of glucose and amino acids between ovlnc 
fetal and uteroplacental tissues (Harding ct al^ 1994; Liu 
et al, 199*1), Chances in expression of the amino acid trans- 
porter proteins have been observed in Specific re-tuns of tins 
tgf* null placenta [Matthews ct al., 1999). Measurement of 
passive and secondarily active transport across the P0 mutant 
placenta has shown that passive diffusion is reduced while 
System A amino acid transport i» increased per unit surface 



Pbecnu path, Vul. 24 

r ?. ,ilttntt *rou B lHmt late pestauon (Constaucia ct at. 

2002) . Up-rcsulatiiro of System A amino acid transport, 
therefore, appears to compensate for tlx: smaller site of the P0 
placenta for much of gestation and only (ails to meet the 

^ th ti Cf,Uin:nV:nU rf thc rcro * Utc in Cation (Rcik et al., 

2003) , Whether this up-rejtubticm of amino add transport is 
the consequence of a paracrine 1CF-JI deficiency to the 
labyrinthine placenta or of an endocrine action of the normal 
Circulatmir levels of thc IGF-11 in thc PO fetus has yet to be 
determined. 

While gene manipulaJon experiments have shown that 
IGF-l altects fetal growth directly, they uuggot that the 
growtlt-promotiiig actlonu of 1GF-0 on the fetus may be 
indirect and mediated via changes in the powth and nutrient 
transport capacity nf the placenta (Tabic 2). However, more 
detailed comparison or thc growth rates of various IGF 
muBtnw has shown that fetal growth Is determined by the 
action* of 1GF-I on the IGF typo 1 receptor and of IGF-1T 
on both tlic IGF type 1 and insulin receptors (Eggenschwilcr 
ct aL t 1997; UiuvJ, Accili and Efstratiadis, 1597; Kfstranadis, 
1998), The growth-promtwJnir action oflGF-fl was predomi- 
nantly through ihe IGF type 1 receptor, although insulm 
receptor mediated action increased during late gestauon to 
account for about 40 per cenr or the total 1GF-U activity at 
term (Lc-uvi, Acrili and Efntratiadiii, 1997). Thc interactions of 
lGF-Tanri 1CF-II with thc IGF type I receptor were equally 
as important in determining fetal crowrth durme late itcstation 
flfckerctal. 1993). 

Aditttniairarion of IGF-I direetly to ahecp and monkey 
fetuses for 10 days has no effect on placental or fend body 
weight (Li* ct al. 1996; Tarantal, Hunter and Gargosky, 
1997), However, in both species, IGK-! increased tins weight of 
specific fetal organs such as the spleen, thymus and kidney, h 
also increased thc weight of the liver, lunpi hearr, pituitary and 
adrenal glands in the ihccp fetus (Uk ct a^ 1^6). In addition 
IGF-l administradon promoted skeletal maturation in the 
*bcep fetus during htc gesution (Lolt ct al., 1996), More 
long-term adininistrarion of IGF-l via the cut (30 days) has 
been shown to increase loud bodyweight in growth retarded 
sheep fetuses (Kimble et al„ 1999). These eJwngcs in growth of 
the Internal organs and skeleton arc probably the result of rite 
anabolic actions of ICF-I on fetal metabolism. Short-term 
infusion of KHM « h) into The oheep fetus has been shown to 
increase placental amino acid transfer and to decrease proteo- 
lysis and amino acid oxidation in fetal tissues (Harding et al., 
1994; Boyle et al., 1998; Jensen et at, 2000). Thi» would 
Increase tlic availability of amino acids for protein synthesis 
and thc accretion rate of protein in the fetal carcass. However, 
IGF-I administration reduces the fetal plasma concentration of 
insulin (Lcichty et al., 1996), a major promoter of fetal growth 
(Fowdcn, 1995). It also suppresses Itfl and !$Jt gene expres- 
sion tn fetal ovine liver which may reduce the paracrine 
stimulus for twtue growth (Kind et al., I99C). Cltangc* Jn 
insulin secretion and local IGF production may therefore 
explain the selective effects oriCP«I administration on tissue 
growth in sheep and monkey fetuses* 
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A» well as stimulating edl proliferation, 1GF-1 and IGF-1I 
have been shown to prevent apoprori* in cultured cell Unci 
(I Ian and Fowdcn. 1994; Alton, Film and Patcl, 2001). In 
rodents, the |i cell* of the endocrine pancreas undergo pro- 
Rrammcd apoprosis followed by a wave of islet neopencsis 
around the time ofweanin*; (w:e Hill, fcti-ik and Arany, 1998), 
This sequence or p cell destruction and renewal coincides with 
a decrease in pancreatic JfJ2 gene exprmaian and with a switch 
from fetal |i cell* capable of replication to non*prolircratui|{ P 
cells with insulin secretory response* characters of the adult 
(see Fowdcn*and HOI, 2001). When IGF-1I levels arc main- 
mined during weanJnp; by tnnsecnic overKaprcssinn of 
ICF-.1I, the wave of anoptotis does not occur and fl cell mass 
mcreascs five fold (Hill, petrik and /Vnmy, 1998), These 
observations sujt£cst that 1GF-U may have a key role in cell 
differentiation* particularly during the perinatal period when 
many tisvues are adapting to new etiviranmenral condition* 
CcrtntnJy, in the sheep fctua. the decline in is/2 tfene expres- 
sion in the liver, muscle and adrenal towards term coincides 
with Ihc main pi use of prcpartum structural and junctional 
maturation in these tlmies (Li et ah, 1993, 1996, 2002; Lfi 
ctal., 1994). 



REGULATION OF IGF EXPRESSION 
Nutritional regulation 

fetal IGF concentrations are affected by a wide range of 
experimental manipulations wluch alter the placental supply of 
nutrients to the fetus (Table 3). Reduced availability of both 
lUbstratca and oxygen or of cither tubvirate or oaycett alone 
lower fetal IGF concentrations (Tahle 3), Nutrient restriction 
has a more pronounced eireet on drculanng levels of IGF-l 
than 1G1MI* irrespective of the cause or nature of the nutrient 
deficit (Tabic 3j. Similarly, there is a jtrcahtr reduction in 



tissue abundance or ICF-l than IGF-H mfcNA during nutri- 
ent itanricrlon in fetal rats and sheep (Strauss et ul., 1991 ; Kind 
et sl M !D9f1; Brameld et ah, 2000}. In fetal sheep, 1GM, but 
not IGF-H concentrations arc directly correlated with ihc fetal 
anerial blood p0 2 and glucose levels during late gestation 
(Carr ct ah, 1995), Indeed, IGF-I levds can be raised in the 
fetus of" fasted ewes by direct fetal infusion of either glucose or 
insulin (Oliver ct al H 1996). Since Insulin increases glucose 
uptake by fetal tissues (Pcwden, 1995), these observations 
suggest that JGF-T is regulated by the cellular availability of 
Glucose (Kowdcn* Li and Forbead, 1998). Jn contrast, fetal 
levels of 1GMI arc reduced only during the severest types of 
jtrowth retardation or when nutrient deprivation is particularly 
extreme or prolonged (Owens et al M 1994; Holmes ct al., 1997). 
The Spp gene, therefore, appears to be more responsive to 
clungea in nutritional state than the IfJ2 eenc in the fetus 
during late gestation. These observations arc consistent with 
die findings thai birth weight Is more closely correlated with 
plasma IGrM than IGF.U In several special (Carr ct aL, 1995; 
Ong ct ah, 20Q0). 

Endocrine regulation 

fetal IGF concentrations are also affected by the endocrine 
ctmronmcnt in utcru, particularly by nutritionally sensitive 
hormones known to regulate fetal development, such as insu- 
lin, thyroxine and glucocorticoids (Fowden» 1995). Like nutri- 
ent restriction, deficiency of these hormones in utexo affects 
expression of lGtM more readily than JGF-H, Compared to 
the adult, GH has relatively little effect on the IGF axis in the 
fciuj^ probably due to the paucity of Gil receptors in feral 
tissues for most of |jeaiatlon (Gluckman, 1995; Fowden, U and 
Forhead, 1998), Insulin deficiency, on lh< mher lumd, reduces 
plasma 1GF-1, but not TGF-It levels in the sheep fetus 
(Glueliman et al„ 1987). Conversely, insulin infusion raises 
plasma IGF- ), hut has no effect on IGF-H levels (Oliver ct ah, 
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199fi). fetal insutin and IGF-1 levels arc, therefore, positively 
correlated over the norma! range of concentrations observed in 
utcro and act synergittically to cnlumce accumulation of 
glucose and amino acid carbon, respectively . in the fetal tissues 
(Ovists, 1991; Fowdcn, 1995; Han and Fowdcn, L994)« 

In fetal sheep and pigs, circulating 1GF-1, but nm 1GF-U 
concentrations are also reduced by thyroid hormone deficiency 
and arc rcmorcd to normal value* by thyroxine treatment 
(Meslarto et al.« 1989; Latimer ci aL> 1993). The low levels of 
ICF-I induced by hypothyroidism vrere accompanied by fetal 
growth retardation (Fowdcn, 1995) and by tissue-specific 
change* In frfl, but not tft/2 gctic expression {Utimer et al^ 
1993; Forhcad et at, 1998, 2M0). In foal pip, thyroid 
hormone dendeucy reduced the ICF-1 content of ■ wide ranee 
of fetal tiasucs, including: the liver and sMeut tnuttctc (Ladmer 
ct nl., 1993), In Contrast, thyroidectomy of the sheep fetus 
increased ICF-I mRNA levels in the liver, but reduced its 
abundance in ukclctal muscle during late gestation (Forhead 
et at, 20H0« 2002). Mypothyroidism also altered tlic normal 
emogeme pattern of/x/7 gene expression In both theae tissues 
towards term {Forhead et a)., 2000, 2002). Hence, thyroid 
hormone mediated changes in Rene evprcssiuti probably 
have an important role in regulating fetal growth, particularly 
in tissues, sueh is skeletal muscle, which normally accounts for 
25-33 per cent of fetal bodyweight at term (OwenN, 1991), 
However, the effects of thyroid hormone* on placental devel- 
opment and l$f jtetc exprcssjnn remain largely unknown. 

In contrast to insulin and the thyroid hormones, gluco- 
corticoids a fleet expression of both j£/*genc*. although their 
effects are tissue and IGF specific [Fowdcn, Li and Foritead, 
199B)» In fetal sheep, Cortisol up. and dowrw emulates Ipfl ge«c 
expression in liver attd skeletal muscle, respectively, whereas, it 
down-rcgulatc* l+ft gene expression In these tissue* (Figure 
2)* These changes in tissue expression occur both in response 
to exogenous Cortisol m fusion before term and when fetal 
Cortisol levels rise endogenous^ during the immediate prcpar- 
nim period (Figure 2), The corttwl induced changes in tiaaue 
/j/gene expression arc also accompanied by decreases in the 
fetal growth rate and, clone to term, by s fall in plasma 1QF-H 
levels (GlucJcman cr al., 1983; Fowdcn ct ah, 1996). Cortisol, 
therefore, appears to initiate Lite switch from paracrine IGF 
production in utero to the hepatic production of endocrine 
ICF»| Characteristic of the postnatal animal, However, the 
mechanisms by which Cortisol aces remain unclear, Cortisol has 
been sliuwn to sup press transcription of Lhc ovine itft gene via 
specific promoters tn feral liver in vivo and m cell lines m vitro 
(U et aU 199B). In contrast, the ovine rjcne contains 
no recognisable glucocorticoid response elements (Dickson, 
Saunders and Gltmour, 1991)* Hence, cnrrisol may aa on ttf 
gene expression cither directly or indirectly through chances in 
GH receptor gene expresslun (U et al», 1999) and /or via other 
trattstriptton (actors or Cortisols cp end enr liormattce, such as 
triiodothyronine (Forhead ct al, 199fi\ 2002). Whether the 
prcpartum eortir-ol surge is also involved tn the perinatal 
transition from monoullelie to balletic IiP rjene expression 
remains unknown* 
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Increases in feral plasma Cortisol also occur before term 
during adverse intrauterine conditions, such as hypoxacmia 
and. undernutrition (Challis et al., 2001), Although these 
increments rend to be smaller titan those seen at term, they 
may csplatn, in part, the changes In tissue Jtfl gene expression 
observed during nutrient restriction (Table 3). The ability of 
glucocorticoids to suppress !tJ2 gene expression in certain fetal 
tissues iv also consistent with the observations that fetal ICF-11 
level a only fall dose to term and during the severest types of 
growth retardation when fetal enrttsol k*c& arc high. Indeed, 
glucogorticoid-depcndcnr changes in ./j/2 gene expression may 
be the matnr mechanism regulating 1GF-II availability in the 
fetus during late gestation. 



IGFBP regulation 

The biu&vailability of the IGF* in also alfectcd by the tissue 
cipres&ioti and circubting concentrations of the lGFBPi 
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(Jones and Clcmmans, 1995) and of die soluble torm of the 
TGF-U receptor, which hinds up 40 per cent of the IGF-II in 
fetal ovine plasma (Gallahcr ct ah, 199<0. At least six different 
IGFBPs have been ulcntincd in fcul plasma and tissues, cadi 
of which has a unique pattern of expression Clones and 
Clcmmans, 1995; Allan, Flint and Patcl, 2001)> In rodents, 
ungulates, humans and non*human primates, the most preva- 
lent IGFBPs in fetal plaima and tissue are the IGFBPs 1 to 1, 
although their relative abundance varies both within and 
between species (Donovan ct aJ. f 1989; Lcc, Chung and 
Simmcn, 1993; Carr ct ah, 1995; Kind cr su\, 1995; Tarantal 
and Gargo.ky, 1995; Osorio ct ah, 1996), fetal expression of 
these IGFBP* ic also tissue specific and dcvdopmentally 
regulated in motit specie* studied (Donovan et ah, 1989; 
Dclhanty and Han, 1993; Lcc, Chung and Slmmen, 1993; Carr 
« ai n 1995; Ttiranul and Gajgosky, 1995)- 

Jn sheep and humans, fetal bodywdght at term la positively 
correlated to plasma 1GFBP-3, but Inversely related ro plasma 
ICFBP-i over the normal ranci: of blrthweight* (Carr ct nl., 
1995; Kind et aU, 1994; Kajanric ct al H 2001). When Intra- 
uterine jptwth is rerarded in human infant* plasma concert* 
rrations of 1GF&P-1 and -2 arc elevated while JGFBM levels 
arc reduced compared to the values found In normally gtown 
Inrams of the same itcsrarional age CLiesarrc et al., 1991; 
Chard, 1994; Onjt ct at, 2000). Similarly, heparic expression 
and plasma levels ofJGFBP-1 are increased in growth retarded 
rat pups during late gestation (Straus* et al M 1991; Price et al„ 
1992). Tmnsexnic ovcr-expresalon oriGPBP-l and -3 In mice 
alto retard* growth, buth pro and poat-nataUy (Sllha and 
Murphy, 2002). Chanjic* in IGFBP expression, therefore, 
have an important role in modulating the growth- promoting 
actions of the IGFs, alrhouch identifying die specific 
effects of each IGFBP is difficult bemuse of their functional 
redundancy (Allan, Flint and Patcl, 2001; SiJhs and Murphy, 
2002), 

Dunne hi* gestation, IGFBP espressinn in the fetus is 
affected by both the nutritional and endocrine conditions in 
Micro. Generally, Uicsic conditions have more pronounced 
effects on TGFKP-1, -2 and -4 than 1GFBP-3. Tissue 
expression and plasma levels of IGFBP* I arc elevated in rar 
and sheep fetuses by fetal nutrient restriction induced by 
maternal dietary restriction, reduced uterine blood (low or by 
occlusion of the umbilical curd (Strauss ct at, 1991; Price 
et al. f 1992; Osborn ct af., 1992; Hooper et at, 1994; Sennet 
et al„ 2001). Conversely, increaaine; fetal glueuae levds lowers 
hepatic expression and plasma 1GFDP-1 in fetal sheep CQsboro 
er al„ 1992). In contrast* levels or the soluble form of the 
IGF-Il type 2 receptor are lowered by fetal undernutrition and 
rated by fetal hyperglycacmla (GalUher ct ah, 1994). Specific 
fetal hypoxaemia has also been shown to increase IGFBP- 1 
IcvcU in fetal ovine plasma (lwamoto ct al., 1992). Similarly, In 
human infants, iGFtUM levels arc liijrhcr in hypoxic than 
normoxic neonates at birth (Chard, 1994), The increaue In fetal 
1CFDP-1 expression observed during adverse conditions may 
attenuate the ipowth-promntine; eirccts of the lGFs and, 
thereby, contribute to the decline in fetal growth rate found In 



Iu79 

these circumstances. In contrast, the fell to the anlublc form nf 
the 1GF-1I type 2 receptor during fetal undernutrition may 
increase availability of plasma 1GF«E and promote tissue 
djflcrcmiarion, while maintaining a basal ttiinulu* to fetal 
Growth in die fcee of low IGF-1 bioavailability. 

The nutritionally induced alterations in feud IGFBP ex. 
nression may be due, in part, to the concomittant chantpat in 
the fetal endocrine environment. In fetal ungulates, hepatic 
expression and plasma concentrations of lGFt3P»l arc reduced 
by insulin and increased by cat eel diamines and thyroxine 
(Latimer et ah, 1993; Gallahcr rt a1„ 1994; Hooper ct ah, 
1994), Furthermore, rtlncc the ontogenic changes in IGFBP 
expression closely parallel the normal p repair um riac in plasma 
Cortisol in the sheep fetus (Carr et nl., 1995; Fowdcn, Jj and 
Forhcad, 199B), Blucocorticoidu may also be involved in 
rejtuladng IGFBP produedon In utero as occurs in postnatal 
animal* (Allan, Flint and Pare), 2001), Certainly, in humao 
infants, antenatal glucocorticoid treatment lowers plasma 
ICFHP-1 and raises plasma IGFBP-3 concentrations at 
delivery (Kajanric ct at, 2001). 

The effect* of the glucocortieoida on the IGF axis may 
provide a mechanism for die intrauterine programming of 
adult dxueasc Human epidemiological observation and exper- 
imental studies on animals have shown that impaired intra* 
uterine development is associated wjdt postnatal abnormalities 
in cardiovascular and mctaholic function, which, in humans, 
lead rn an increased incidence cf adult-onset degenerative 
diseases, such as coronary heart disease and Type IT diabetes 
(Barker, 2001; Bertram and Hanson, 2001). Precocious ele~ 
vations in fetal plasma Cortisol Induced by auh^qptimal con* 
dirimm in utero may cause a premature transition from IGF-Il 
to 1GF-I production with beneficial clfccta on tissue differed 
tiation ihould delivery occur before full term. However, 
if delivery k not stimulated prematurely, the enrrisol-mduced 
switch from the fetal m the adult mode of somatotropic 
rej^darion may lead to inappropriate changes in cell prolifer- 
ation and dtnerenriation in utero with adverse sequelae both at 
blrdt and much later in life. 



CONCLUSIONS 

Doth Iff genes have important roles in fetoplacental growth 
but tltdt cxpresxinn and specific actions dIHcr, Their effects 
can also be amplified or attenuated by the IGFBPs, Although 
igfl gene expression is low in the fetus, 1GF-I appears tn Jtave 
a more prominent role tluui 1GF-TI m modulating cell prolifcr* 
adon in relation to the epedfic endocrine and nutritional 
condidons prcvaiUng in utero (Figure 3), Tissue expression 
and drailadng levels of 1GF-I arc regulated by Ute nutrient 
supply and enhance the uptake and utilization of substrates by 
the fetal dssucfl. Tlus anabolic erTect of IGF-1, particularly on 
fetal amino acid metabolism leads in tissue accrclmn and 
growth or the fetus (Figure 3). feud IGF-J, therefore, stimu- 
lates fetal jrrowth when nutrients are available and, thereby, 
ensures that the fetal growth rate is commensurate with the 
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nutrient jupply. In part, the pcaom of on tissue growth 
may be mediated by dtarujes in other growth regulatory fetal 
harmonea (Figure 3), feint lGtM has also been ithown to 
modify placental nutrient utilisation and irantifcr but appear* 
to have relatively little effect on placental war (Fi&urc 3). The 
f&P gene, on tltc other Hand, i* highly c*prc*sal in utero and 
has a major role in placental growth and nutrient transfer 
(Fiipirc 3). It appears to provide the constitutive drive for 
intrauterine growth via both it* placental cKcct» and direct 
paracrine actions in the fetal tissues. Compared to //f/7. the 
!fft uaie is relatively unresponsive to nutritional stimuli. 
However, in specific feral iIksuo, it does respond to change* tn 
the fetal nlucocorricotd concentration (Figure 3), fetal 1GF-U 
may, therefore, be responsible for rhe developmental and tissue 
specific change* in cell differentiation that occur in key tissual 
dose to term and during adverse intrauterine conditions when 
fetal Cortisol levels are hi&tw 
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The placenta trunuporta tiubtjtrutcm und wupipp bqtwqqn tho 
maternal and fetal circulations. In jalco v placental IGF-II ip 
Qpgontlal far normal placental development and function but, 
In other mammalian species, maternal circulating IGF-II la 
mibptantto] and may contribute* Maternal circulating IGFn 
increa/^a in early pregnancy* and early treatment or guinou 
pigp with cither ICF-t or IGrMl Increases placental and fetal 
weight* by mld«£Q£tat!an, We now show that these clfects pcr- 
eltft to enhance placental development and fetal growth and 
survival neur terra. Pregnant guinea pig£ were tnftiped with 
IGF-I. IGF-II (both 1 mgfti*d), or vehicle nc from d UO°Sfl of 
pregnancy and killed on d OS (term □ 09 d). IGFoII, but not 
lCF»t* (nereaaed the mld-saglttul area und volume of placenta 
devoted to oxehango by approximately 30%, the total volume 
of trophoblapt and nurtemat blood Apneas within the placental 



crohnngo region (+20% and 440%, respectively), und tho total 
mn-faee area of placenta for exchange by 30%. Both. IGFh re» 
duced resorptions, and IGF-TI Increased the number of viable 
fotupo* by Both IGF* increased fetal weight by 11-17% 
&nd fatal circulating am Inn add concentrations. IGF-I* butnot 
IGF-II, reduced maternal adipose depot weights by approxi- 
mately 30%, In conclusion, increased maternal IGF-II nbun- 
dance in early pregnancy promotep fetal growth and viability 
near teem, by Increasing placental structural and functional 
capacity, whereat* H53M uppaurp to divert nutrient* from the 
mother to the conceptual* This tmtjjjctifcia major nod comple- 
mentary roles In placental and fetal growth for Increased dr» 
culatlng IGFg in early to mid-pregnancy* iEndoerinulugy 14>?z 



THE PLACENTA TS a multifunctional organ that forms 
tlie Interface between the fetal and maternal circular 
tlons. it is essential for fetal growth aft It supplies the devel- 
oping fetus with oxygen and nutrients, transporting them 
from the mother Into the umbil ical circulation. Abnormalities 
in placental structural development can Impair placental 
function, reducing substrate supply to the fetus, and may 
result In intrauterine growth restriction (1), It fa estimated 
that placental dysfunction accounts for 70«b*0% of growth* 
restricted newborns (2), currently affecting 6% of pregnan- 
cies in developed countries (3) and up to 40% In developing 
countries (4). intrauterine growth restriction is associated 
with perinatal morbidity and mortality (5, 6) and increases 
the ride of poor health In childhood and adult life (7). In 
addition, impaired placental trophoblast invasion of the rnn» 
ternal uterine vasculature and /or poor placental function are 
implicated in other major pregnancy complications, such as 
miscarriage (8), preeclampsia (1), placental abruption (9), 
and preterm labor CIO, 1 1 )♦ Therefore, It is imperii tive that we 
understand the factors essential for regulating placental 
functional development to identify causes of such diseases 
and as a basis for the development of therapeutics. 

The ICTP-T and -TT have been implicated in placental struc- 
tural and functional development JfJZ ovc repression In 
mice causes placental and fetal overgrowth (12), whereas tgfl 
gene deletion reduces placental weight by 17% on d 13.5 and 
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25% on d 16J of gestation, with a fetal weight reduction of 
40% from d 163 (term ° 19 d) (13, 14). In addition, placental 
amino add transporter expression is altered by Igfl defi- 
ciency in mice (15). Ablation of the placcntnl-specific IgfZ 
promoter (PQ) in mice reduces placental weight and ad- 
versely affects placental structural differentiation and trans- 
port capacity, with reduced fetal weight evident 2d later £16, 
17). The latter reduction In fetal weight was comparable to 
that induced by global gene ablation, suggesting lhat the 
effects of fgfZ deficiency on fetal growth are mediated by 
actions on the placenta in mice. 

In contrast tgfl gene ablation in mice docs not alter pla- 
cental weight but reduces fetal weight, indicating that ICF-T 
is Important in the fetus (14, 18). 1GF4 may modulate pla- 
cental nutrient capacity because TCP-I administration to 
pregnant rats, or increased endogenous expression In preg- 
nant mice, increases the weight of the fetus butnot thatof the 
placenta (19). IGF-l stimulates glucose and amino acid up- 
take In cultured human placental trophoblasts (20=22) and 
promotes placental nutrient uptake and metabolism when 
Infused Into fetal sheep (23-25). Moreover, exposure to IGF-I 
inhibits release of vasoconstrictors, such as thromboxane B2 
and prostaglandin F2 a, in human term placental cxplants 
(26), which may increase placental blood flow and delivery 
of nutrients for the growth of the fetus. 

The placenta Is exposed to iCFs from multiple sources, 
including those produced locally and those circulating 
within the fetus and mother. Maternally derived IGFs may 
have a major influence on placental development partial 
larly in women and in guinea pigs where drcula ting fCPs are 
substan tiai (27, 28). Indeed, the IGF axis in guinea pig;; Is very 
similar to that of humans (29), whereas rats and mice do not 
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have circulating ICF-TI postna tolly. The placenta In guinea 
pigs is more similar to the human plnctmfca than that of other 
nnnprhnate species being hcmamonochorbl, although It is 
labyrinthine rather than villous in structure. The guinea pig 
placenta te comprised of a labyrinth, which contains both 
fetal capillaries and maternal blood sinuses and provides the 
means for exchange between the two circulations and an 
Inlcrloblum that is comprised of syncytiDtrophoblast and 
maternal blood sinuses, and is the site where much of the 
metabolic activity of the placenta is thought to occur (30). Tn 
the human placcnto, exchange and endocrine functions ore 
performed in the placental villi (31), In addition, placental 
trophoblast cells In guinea pigs are highly invasive and, like 
those in humans, engage In Interstitial and cndovascular 
Invasion of the decidua. They remodel the uterine spiral 
arterioles to permit the large Increase In blood flow to the 
placenta (32, 33} that is essential for placental growth and 
subsequent function and therefore fetal growth. 

Tn the guinea pig, major structural determinant* of pla- 
cental function arc strongly predicted by maternal IGMi 
concentration in mld«pregnancy and by maternal IGrM in 
late pregnancy 04, 35). Furthermore, In this species, food 
restriction reduces maternal plasma IGF concentrations (36) 
that correlate with delayed structural and functional matu- 
ration of the placenta and with reduced fetal growth (34, 35, 
37), The structural defects in the placenta of food-restricted 
guinea pigs are similar to those seen in placentas from 
women with preeclampsia (34). tn addition, reduced mater- 
nal plasma tGJM m pregnant women is associated with pla- 
cental dysfunction and sma11-for»gestatlonaL-nge (38, 39) or 
growth-restricted infants (40). 

Consistent with these adaptive changes in maternal IGFs 
regulating placental development, maternal supplementa- 
tion with TGF-T or TC1MI In early to mid-pregnancy in the 
guinea pig increases placental and felal weights by mid ges» 
ta Uon (41). Therefore, we suggest that the increased ma tcmal 
production of both TGFs In early pregnancy is an Important 
adaptation to pregnancy, which promotes placental func- 
tional development and consequently fetal growth. Whether 
anabolic effects of an increased abundance of maternal TGFs 
In early pregnancy on the placenta would persist into late 
gestation and affect the fetus Is currently unknown. There- 
fore, the aim of this study was to determine the effects of 
maternal 1GF4 and -II supplementation In early to mid- 
pregnancy on placental development and fetal growth and 
viability near term. 

Material * and Methods 

Animate 

This study was approved by tin* University of Adelaide. Animal 
Ethics Committed. Virgin guinea pigs (IMVS colored o train, approxi- 
mately KJO g, 3»4 months old) were housed Individually tn the Uni- 
versity of Adelaide Medical School Animal House* Guinea plfls were 
provided with rood and watrifrid libitum. Femajcf) warn examined dally 
for etftm* indicated by a ruptured vaginal membrane (complete estroua 
cycle lasts approximately 15 d) and mated natuntlly with a male. Hie day 
a capulatory plug was observed was designated as d 1 of pregnancy. 
From 2 wk before mating, body weight was monitored three limes 
weekly. Female* wete assigned to three group* of similar mean weight 
al mating. 

On d 20 of pregnancy (term 69-70 d), female* were anesthctked with 
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atropine sulfate (0.05 mg/fcg, sc Apex Ubora tones, Sydney, Australia), 
xykudne hydrochloride (4 mg/kg, Irn; Troy Laboratories, Sydney, Aus- 
tralia), kchimmc hydrochloride (25 mg/kg. lp; Troy Laboratories) and 
administered local onalgiada with Ugnocaine hydrochloride (Troy Ubo 
nnstorlcd). A 3}0*ji1 mini osmotic pump (Alxct 2002; Alcct San Fnm- 
dsco, CA) was surgically Inserted sc. Mmlpurnps Bad previously btxn 
prepared to deliver vehicle (0.1 m acetic add) (n «7)orliiu;/k|*dICF-tt 
(n ° 7) or ICP-I (n a 9) (human recombinant protein: GroFep Ply, X4cL 
Adelaide. Australia) for 18 d at a flow rale of 0.51 jd/h. 

On d 62 of pregnancy, gul nua pigs were kl I ted by overdose of sodium 
pentobarWttinc (Uthobarb; Vitbac, Sydney, Australia)* Viable and 
resurbing implantation Kites were counted and the uterus and lis con- 
tents, viable fehttai, and placentae were weighed. Metal blparleta! dl* 
«mclcr,nt)dommal<lrcmrirerotcc,imdaoHTt^r^ length were mea- 
sured. A 3*mm mid-taglrtnl placental slice was axed In A% 
paraformaldehyde for si ructural analysis. Analyses of body compnsitian 
were performed on the mothers and aQ fetuses to determine the absolute 
and relative weights of adrenals, kidneys, pancreas, liver, spleen, heart, 
bfam, lungs, gastrointestinal trad, reproductive tract, bleeps, triceps, 
gastrocnemiuH and so)eus muscles and relrorjertlmieoLpenreruiL and 
Interscapular adipose tissues. Skin and carcass weights of the dams and 
carcass weight of the fetuses were also recorded. 

M&uturement of maternal circulating IGF*J, JGF.fJ, and 
IGF binding protein* (IGFBPiQ 

tn an additional cohort of guinea pig* (vehicle, n ° 5; IGF4, n - 5j 
1GMT, n - 3), mother* were killed on d 35 of pregnancy, while Ihe 
mlnlpumps were si 111 active by overdose of sodium pentobarbitone. 
Maternal btood was collected by cardiac puncture and centrifuged at 
2j>Q0 rpm for 1 5 tnin i at 4 C, then plasma was recovered and stored a t «2o 

Plasma IGF- 1 and IGMI prolclns were uU^soclated from their binding 
proteins (JGFUPrO by slxe oxdusion high pressure liquid chrutuatogra- 
phy performed at pH 2J5, as previously described (42. 43). From each 
acidified plasma sample, four fractions wore eluled from the column, 
and fraction 1, which contained only IGFUita, and fraction 3, which 
contained only the IGFs, were collected tor later analysis. The IGF 
fraction 3 was analysed by specific MAs for ICF-I and fCF-U coneen* 
tratinns as previously described (42, 44}. 

Recombinant human IGP-I and lGF«tI (GroFep Fly. ltd.) were used 
tat standards and for preparation of radiolabeled Uganda. IGF- 1 was 
measured by 1UA using rabbit antlhuman IGIM (MAC Ab 89/1; GruFep 
rty. ltd.) at a final dilution of 1 /60,000 and a monoclonal mouse antirat 
1CF-U antibody (kind gift from Dr. K. Nbihlkawa, Kanaka Medical Uni- 
versity, Ishakawu, Japan) was used at a final concentration of 1 /50O to 
measure tGF-U by RiA. Ooso-rcactivity of JCF-U in the ICR RIa was 
iesH than \% (44) and that uftGF-I Jn the ICF-H WA was less than ZS% 
(45). Uoth IGJM and IGIVO amino add sequences are remarkably con- 
served across species. Guinea pig 1CF-I and ICF-H have previously beun 
shown to have 100% amino acid sequence Identity (o those of human (46, 
47), whereas guinea pig IGP-11 has only one amino add different io that 
of the *ftt (43), We have previously reported that Ihe recoveries of JCF-I 
and IGF-H are more than 95% for thete assays (28). Tlie minimal de- 
tectable concentrations of ICF-I and ICF-U were 6,64 and 9M ng/ml, 
respectively. The sample* were analyzed in a single KJA, where the 
mean Inlmassay coefficients of variation Wcw37an35,6%mr IGMand 
IGRI WAS, respectively. 

1"he total JGrW binding cnpadly In the maternal circulation waa 
Indirectly measured as the interference of the lGFBPs In fraction l to the 
1GF-1 IUA, as previously described (42). The ratio uf IGFs to ICFBFh 
provided an index of IGF bioavailability in Ihe malemal drculadun. 

Placental histology 

Mtd-saglltal slices of plucentue that had been fixed in 4% pan for- 
maldehyde overnight were washed In 1% PBS, dehydrated, and em- 
bedded in paraffin wax, man 5-um sections were stained with Mason's 
Tri chrome (49), From each dam, one to three placentae were randomly 
selected for histological mjsessment* The cross«sect(onal aroas of the 
placental Inlerloblum (gerrnlnative region) and labyrinth (exchange re* 
glnn) were measured tn complete mid-sagittal sections using an Olym- 
pus UH-2 microscope with x2 objective tmd X33 ocular lenses and video 



Downloaded from ondo.ondojoumoh^rg at University of Adelaide Barr Smith Library on January 7, 2007 

PAGi 27/37 • RCVD AT 1/8/2007 5:21:54 PSW pastern Standard Time] ' SVR:USPT0^FXRF-5/11 * DNIS:2738300 * CSID:510 533 1106 * DURATION (mm-ss):11-52 



JAN-08-EQ07(M0N) 1 d: 09 FRANC 1 5 LflW GROUP 



(FflX)510 533 1106 



P. 028/037 



ICWt) Emtoiuoiuay* July 2C0G, I47(7>»33di-33CC 



laiaguiimity5& software (VUlu Pra;IaMdkigEJgc. Adelaide*- Auatrallii). 
The proportion (percentage) of each region In* the ptaccnia wm then 
etui moled by dividing the cmPMtoctlon.it anra of that region by the total 
mktaaglttaJ crcwjwcdnnal amo of the placenta. An cfltlmato of thro 
volume of thc*e n^iura wo then calculated by multiplying tltclr pro- 
portion by lutul placental wdght. 

Structure aft?u:placitnUU excJuuuje rngirtn (laliyrintlt) 

To dlrttlnRUlah coll typo* within the pheent.il labyrinth, mid-Sagittal 
»qcr4orw of placenta were dnubMabclcd with mouse antlbodim* to hu- 
man vlrncndn (3B4; Dako, Glnntrup, Dimmark) and human pan cyto» 
keratin (0562: Sigma, Sydney, AutitmEo) to Identify fetal cnpUlarleji and 
truphobtoiL riaipccrivclv, and then Mtained with ennui to aid the W«n» 
Hflcation of maternal blood apace*. Thu» employed a triple layer tech- 
nique fur cucb antibody, performed w^ueriUnlly. Section* were depar- 
nfflhhed unU brought to water. £br antigen retrieval nectluna were 
Incubated at 57 C for 15 mln In 0433% protease (Sigma). Endogenous 
percnrldartc activity wmi quonched by Incubating wllh 3% hydrogen 
peroxide in water tor3U mln.Scctlnnrt were th«n washed In three ctwn Res 
□tTUS for S min each and blocked for nonspecific binding with acrum- 
free protein block (Dako) for 10 mm without washing. 3134 antibody 
diluted 1:50 with 10%nurmal guinea pig temmand l% USA wo* applied 
first and Incubated overnight In a humidified chamber at foam tem- 
perature. Sections were wojhcd ay above, und blutinybiied guut anti- 
mouse IgG secondary antibody (Dako) was applied for 30 mln. followed 
by washing* Streptavldln conjugated to horaeradlsh-perotfldn^ (Rock- 
land Immunochemical^ Pnttatown # PA] wad applied for *1D mln, then 
HectJorttt were wsabod as above* 3tM binding w«s visualised by Incu* 
bating with dlaminoberulelne with 2% ammonium nickel (II) sulfate 
(Sigma) to form a black precipitate* The proeeoD wan then repeated for 
the second primary antibody l€2562) diluted 1*50 with PBS. 10% normal 
guinea pig ye ruin, and 1% B$A. but nickel wus omitted from the chro- 
mogen, lenvlng a brown precipitate. Negative controls used Irrelevant 
mouse IgG In place of the primary antibodies or the primary antibody 
diluent on iw own* 

The placental labyrinth wot* then morphometricali v analysed, «* pro- 
vlumily described. (34). Briefly, the proportiona (volume density) and 
valumaJ uf the labyrinthine placental component* were quantitated by 
point counting an ID nonuverlapplng fluid* with, rundum systematic 
sampling using un Olympus microscope with X20 objective and 
x3*3 ocuJnr tenses. The weight of each component was estimated by 
multiply Ing the volume density by the weight o! the pkcenUd lab vrinth. 
The surface area per gram of placental labyrinth was quunlttateu using 
intercept counting and the total surface area of syncytiolrophoblast for 
exchange and arithmetic mean Irophobtosl thickness (the layer through 
which substrate mcchang« occurs) were calculated as prevlnusly de» 
scribed (34). 

Protein localization of IGF receptors in the placenta and 35 
of pregnancy 

To determine that the placenta expressed the type 1 and 3 IGF ri> 
ceptors at the dmo of treatment we localised them in placental sections 
from the cohort of guinea pigs that were killed on d 35 of pregnancy in 
which cJreuktlng ICFs had been quantified, Mid-sagittoi slices of pla- 
centae were immuno-labeled with rabbit antibodies raised against hu- 
rruin ICTlR (N-20, diluted 1:20; Santa Cn« Biotechnology, Santa Critt. 
CA) and IGF2R (u kind gift from "Dr. Carolyn Scut u Koliing Institute of 
Medical Research, Sydney, Austral in; diluted 1.100). Thto employed a 
triple layer technique for each antibody performed on serial placental 
sccdons, as described above* Negative controls used Irrelevant mouse 
IgC in place of the primary antibodies or the? primary antibody d lluent 
on lb* uwn. 

Plasma metabolite and hormone concentrations 

Maternal and fetal plasma glucose (glucose HK assay kin Roche 
lDlagnofities* Mannheim, Germany), free-fatty adds (WaKO Ne/a C free 
ratty add kit; NovoChem, Nleuwegeln* The Netherlands), cholefllnrol 
(cholesterol CHOD-FAP assay tdt; Kachv Dlagnosdes), and triglycerides 
(triglycerides ussuy kit; Ruche Diagnostics) were quantified with enzy- 
matic assay kits using u COBAS Mini automated centrifugal analyzer 
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(Roche Diagnostics). Maternal and fetal plasma mam (no nitrogen con* 
cenlmltonswercdclcrmmed using Ihc0*nnphlhoqu tnonesulfonnlecnl- 
orlmetrlc away as prevtouply described (5n), Maternal plasma estradiol 
(Ultra-Sensltivfl Estradiol; Diagnostic Systems Laboratories, Houston, 
TX) and progesterone concimtmtluns (prugesteruneiwsiiy kit: DLi gnostic 
Systems Lubonilorles) were qututtlfled with MA Wis. 

StatiMlic* 

To assess differences In fetal wdght distribution between treatment. 
X 3 testa wore performed using Microsoft Excel* Alt other data were 
onalysocduslngSPSS version 13 (Sl J SS,CWcago,ii,),To assess di Terences 
in maternal weight gain, repeated measured AN OVA with Uonferronl 
pwt htic tests were permrmed. To assetfi dUfferences in maternal body 
composition, genernl linear model univariate ANOVA with Danferronl 
past hoc tests were performed. To Assess differences in fetal bund pla- 
cental parameters, linear mixed model repeated measures ANOVA with 
Donferronl post UpC tests were perfonned with Ihe mother asa subject and 
the fetus or placenta as the repeated measure. The number of viable pups 
per Utter were used asa covorlate when required. Data are expressed as 
mean s saw or estimated marginal mean s srm as required* l^ata ivere 
considered statistically sfgruficant when P < 0,03, 

Exogenous maternal IGF treatment increase* maternal 
planma JGFJ and IGF+U 

To detemtine the concentration of IGFs we achieved in die 
maternal circulation In response to this treatmcsnfan nddl° 
tiottxd cohort of guinea pigs wag killed on d 35 of pregnancy, 
while the mlnipumps were still active. Exogenous IGIM in- 
creased maternal plasma IGF-I by 340% (P « 0.001) and 
reduced IhaL of TCF-nby 45% (P a 0.008; Pig* 1)* lixogenous 
1GF°H did not alter plaama 1GF4 concenfcraliotut but In- 
creased plasma TGF-TTby 240% (P s 0.004; Fig, 1 ). Tn addition, 
the total apparent IGFBP activity Inmatecnal plasma was not 
altered by exogenous IGP* Maternal lGl^l treatment ixv> 
creased fche ratio oflGF-I to IGFBPs ta plasma by 230% (P - 
0.004), whereas iGJ^ll incrensed the ratio of 1GF°11 to IGFBPs 
In plasma by 125% (P = 0.04; Fig, 1). 

IGF receptor proteins are expressed by the guinea pig 
placenta during lAe trmtiMnt 

To establish that LGFIR and 1GF2R are expressed by the 
guinea pig placenta during the IGF treatment* I mm unla- 
beling was performed on guinea pig placenta recovered from 
vehicle-treated mothers killed on d 35 of pregnancy (Fig, 2). 
1GFIR and 1GF2R were ubiquitously expressed by the guinea 
pig placenta* with profuse cytoplasmic staining observed In 
trophoblast and fetal endothelium of the labyrinth and m> 
phoblast of the interlobium (Fig, 2* A and Q* Both IGF 
receptor proteins were concentrated on the apical surface of 
trophoblast within large maternal blood sinusoids and 
within maternal blood spaces (Fig* 2* B and O)* 

fixogenotw maternal /G>V/* but not IGF*I, enhances 
development of the placental cxcliango region (labyrintft) 

IGF treatment in early to mid-pregnancy did not alter 
placental weight in late gestation (Table 1), However, there 
was a 17% difference In placental weight between 1GF4* and 
IGF^li-treated mothers (P = 0.039). Exogenous TGF-TI in- 
creased placental labyrinthine cross-sectional area by 28% 
(P a o.QOS) but not that of the Intcrioblum (Fig. 3, A-C* and 
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FtG, 1. The effect of cntoociiouj* aaituroai IGF* an maternal drailnt- 
Inu IQF*T t IOF-TT (A), and total IGFB? CB) canenntruticn* and bio* 
availability ef ICFft In the cLrculiiLloa uulicatud by IOF to ICFBP 
Julia* (C) during treatment on d 3G orpneuntm uy , Duta uru from thrrie 
to m|z mother* por trontmont* and values arc cxprcwud tin mamx» S 
8MM- AuUrUhu Ucnatu u *u*ti*ticrUly nijcnlficrmt dllTcrciicu compared 
with tJio vehicle (poop* P < 0,034, 

Tabic 1). The ratio of labyrinth to inter lobium was increased 
by 1QM1 (+37%, P « 0,054). TGF-TT Increased the proportion 
of Ihcplaccnta comprised of labyrinth (+9%,P = 0*0003) and 
reduced that composed of the intoriobium (-24%, P = 
0.0003) (Table 1). 1GF-11 also increased the volume of pin- 
cental labyrinth (+28%, P = 0.027) but did not alto that of 
the Intoriobium ffable 1)* Maternal IGF-I treatment did not 
alter any placental parameter (Table 1). 

To examine placental labyrinthine development In n> 
spouse to earlier maternal IGFs in more detail, structural 
Correlates of placental function were quantified. Maternal 
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IGF treatment did not alter the proportions of the placental 
labyrinth composed of trophoblast, maternal blood spaces, 
or fetal capillaries (Fig. 4A). iGfril increased the volume of 
trophoblost (+29%, P = 0.015) and that of maternal blood 
spaces (+46%, P =» 0.035) within the placental labyrinth (Fig, 
4B)« The total surface area of trophoblast functioning in ex* 
change was also Increased by IGF-U (+39%, P « 0.037, Fig. 
4Q. There was no effect of TCF treatment on syncytiotro- 
phoblast barrier thickness (vehicle, 4,7 ± 0,2um;IGF-T,4.8 £ 
02 urn; IGF-B, 4,4 ± 0.2 um). Maternal 1G£»1 treatment did 
not affect any placental labyrinthine structural parameter 
measured. 

Exogenous maternal IGF* incnattn fetal survival 

MatemallGFtrcatmcntdid notoifect total litter size (Tabic 
2). However, the number of resorptions was reduced by 
IGF-l (-77%, P - 0.009) and 1GF4I (-60%, P » 0,01), while 
TGrMlftJso increased the number of viable fetuses (+25%, P 
0.034) near term (Table 2). Maternal TGFs did not alter the 
ratio of females to males (Table 2). 

Exugenviw maternal JCFs increase fetal grawtli with IGF* 
specific effects an fetal body composition 

Maternal IGM and IGF-II treatment In early to mld-preg- 
nancy increased fetal weight near term by 17% (P *= 0.002) 
and 11% (P ■ 0.042), respectively (Table 3). Both maternal 
IGF treatments significantly skewed the fetal weight distri- 
bution to the right (bofchP < 0,0005; Fig. 5A). The percentage 
of fetuses heavier than 81 g was 5% In controls, 37% In TCF-T, 
and 19%iniG£>H-fcreated animals (Fig. 5A), IGF-i treatment 
increased fetal crown-ko-rump length by 9% (P =; 0.014), as 
well as abdominal circumference by 10% (P - 0,05), IGF-T 
Increased the fetal weight to placental weight ratio by 29% 
(vehicle, 14.82 £ 0,B6;TGF-T, 19.14 ± 0.73:IGF-IU6.18 ± 0.65; 
P < 0.01). Fetal weight correlated positively with placental 
weight across all treatments (r « 0.27, P ■ 0.026) and within 
each of the IGIM and 1GMI treatment groups (r « 0.44. P ■ 
0.CM2andr = 0.40, P = 0.038, respectively) but not in vehldc- 
trcolcd dams alone (Fig. SB). Overall, fetal wdght correlated 
positively with both the mid-sagittal cross-sectional area and 
the estimated total volume of the placental labyrinth (r » 
0 S3, P » 0,009 and r = 0.43, P - 0.006, respectively), an well 
as the volume of trophoblast and fetal capillaries in the pla- 
cental labyrinth (r - 034, P m 0.034 and r = 0.62, P < 0.001. 
respectively), 

Maternal TGF-T treatment increased fetal carcass weight 
(+19%, P ■ 0,002), Increased the combined weights of fetal 
Iddncys (+20%, P = 0.020), caecum (+24%, P - 0.027), total 
gastrointestinal tract (+13.5%, P = 0.049). and the combined 
fetal ftjtdcpots(+16%,P - 0.02B)(Toble3).ConvcrscIy,TGF-T 
reduced the fractional weights of the fetal spleen (- 2*1%, P » 
aOOl), liver (-125%. P - 0.002), and brain (-185%, P - 
0.004) (Table 3), Both IGF-T and TGF-ll increased the weights 
of the fetal retroperitoneal fat (+24%, P =* 0.004; +18%, P - 
0.031, respectively) and combined fetal muscle mass (+22%, 
P = 0.008; +19%, P - 0.024, respectively; Table 3). rGIMnnd 
1GF4I also increased the fetal triceps absolute (+29%, P = 
0.001; +24%, P ■ 0.01, respectively) and relative weights 
(both +16%, P < 0.03, Table 3). Body composition of male 
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and female fetuses was similar and was similarly a f feclcd by 
maternal TGF treatment (data not shown). 

Exogenous Maternal ICFs increase concentrations of amino 
acids in tlm fetal circulation 

Maternal 1GF-I and IGF-H treatment Increased fetal circu- 
lating amino acid concentrations (+196%, P ■ 0*026 ond 
+137%, P - 0.029, respectively) and maternal TGF-T reduced 
fetal circulating cholesterol concentrations (-30%,.P ■ 0.049) 
near term (Pis* 6 A), There was no effect of treatment on fetal 
plasma gl ucosc, triglyceride, or free fa tty acid concentration* 
(Hg, 6A). 

Exogenous maternal IGfal. but not IGF*U, altera maternal 
body composition 

Weight gam and body composition analyse* were per- 
formed to determine whether exogenous TCFs affected the 
mother. Both exogenous maternal IGF-i and 1GIVU did not 
alter maternal wdght gain during or after IGF treatment (Fig. 
7), nor lota! body and lean body mass near term fTable 4). 
IGJM reduced maternal Interscapular fat depot weight 
(-25%, P = 0*028) and the fractional weights of the perirenal 
(-32%, P m o,05), retroperitoneal (-33%, P =» 0.037), and 



interscapular fat (-28%,? » 0.01; Table 4). TGF-T reduced the 
absolute and fractional weights of the combined adipose 
depot weights in the mother by approximately 30%, (P 
0.016 and P = 0.007, respectively). IG1M1 did not niter the 
absolute or relative weights of any maternal organ or tissue 
examined. 

Exogenous maternal IGF treatment docs not alter Maternal 
circulating metabolite eanettntratians 

Maternal IGF treatment did not alter circulating concen- 
trations of glucose, free fatty acids, amino adds, triglycer- 
ides, or cholesterol in the mother near term (Pig. 6B). 

Exogenous maternal JGF treatment and maternal 
circulating hormone concentrations 

To determine whether treatment of the mother during 
early to mid-pregnancy withlGFs altered maternal circulat- 
ing estradiol (Fig. 7Q and progesterone (Fig. 7D), their con- 
centrations were determined on d 35 of pregnancy in the 
additional cohort of guinea pigs In which the plasma IGF and 
TCPBP concentrations were determined as described above. 
Treating the mother during early to mid-pregnancy with 
IGF-I doubled circulating maternal estradiol concentrations 
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TABLE 1- Effect or maternal IGF treatment on placental 
structure near term 



ValUda 



TGF-T 



ior.ii 



Placental weight (tf) 4.63 s 0.0^ 4.11 2: 0.24- 4.84 ± 0J22* 

Cnws-ecctlonnl area 9B.9 ± 3.S" 112.0 It 8JT 120.6 x fl.8* 

labyrinth (mJn ,, ) 

Cross-sectional area 35,6 ± £8 

ImoHobtum (ium u ) 

I^byrlathrlntorloblum 3.1D ± 0.43 

Proportion 73.6 i 1.2* 

iuoyrinth (*W 

Prupurtlott 20.4 2: 1.2" 

Interlobium (%) 

Volume labyrinth 3,34 s 0.26* 

(cm a ) 

Volume intorloblum 1 .21 i 0.09 

(cm 5 ) 



32.0 2 4.3 30.4 :!. 2.6 

nSB = 0.44 4,2? x 0.3G 

77.6 - ao,Cii.i A 

22.4 ± l f l**» 19.fi - 1.1 6 

3.J30 £ O.Utf* 4,26 * 0.23* 

0.95 ± 0.09 tOU s 0.0B 



Dutu uro axpr«wflnd an moan s skm Cram seven Ui nine dam* nor 
trcntoumt with ono to thrno placentae randomly selected for hkto* 
logical anulyaU 

Different auptrvcripte denote dlflWreneoA hotween groups a tm. 6» 
/» < 0.039. 

in late pregnancy, although this was nofc quite significant 
(P o 0.078). 1G1V1 treatment did not alter mid or Inte preg* 
nancy drcubting progesterone concentrations Exogenous 
maternal 1GF«*U during early to mld-prcgnancy increased 
circulating estradiol concentrations (+150%) in mld-prcg- 
nancy nnd progesterone concentrations In mid (+53%) and 
late (4*83%) pregnancy In the mother; however, these also 
did not reach statistical significance (P > 0.08) (Fig. 7, C and 
D). 

Discussion 

The present study demonstrates for the first time that 
administration of IGr>II to the mother in early to mid-preg* 
nancy increases placental structural and Functional capacity 



by increasing the volume and surface area of the exchange 
region of the placenta near term, whereas IGiM has no effect 
on Lhe placenta. IGF4, in contrast; reduced maternal adipos» 
Ity late In pregnancy, whereas IGr>n did not affect maternal 
body composition. Importantly, however, maternal treat- 
ment with cither IGF in early to xnidoprcgnancy substa n tlafly 
reduced fetal resorptions, increased fetal weight and in- 
creased fetal circulating amino add concentrations nenr 
term. Furthermore, adrrurustratfan of TGF-TT also Increased 
fetal viability In late pregnancy. This suggests that maternal 
IGF abundance, particularly that of lGF°n, during the period 
of early placental growth and development may determine 
In part the margin of safety between placental capacity to 
deliver, and fetal demand for, substrates throughout 
pregnancy. 

Specifically, in the cirrent study, administration of 1 mg/ 
kgrd fGFs Increased the abundance of maternal circulating 
IGF-TT and TCM by 2S> to 3.4-fold, during early to mid* 
pregnancy. The concentration of free IGF to TGFBP ratio In 
tlie maternal plasma, and hence bioavailablc IGF, was also 
substantially Increased. Similar IGF treatment of guinea pigs 
duringearly to mid-pregnancy increased placental weight at 
mid-gestation WW, which was not sustained to near term in 
the current study. Importantly, however, the functional ca- 
pacity of the placenta, as indicated by the mid-sagittal cross- 
scctlonal aren, proportion and volume of the region devoted 
to exchange (Inbyrinth) were increased late in gestation, by 
prior maternal ICItlL treatment rtobSermorc, allhough the 
composition of this exchange region of the placenta was 
unaltered by earlier maternal IGF treatment, the tola! volume 
□f trnphoblast and maternal blood spaces, as well as the total 
surface area of placenta functioning in exchange were In- 
creased by IGF-II. As the labyrinth expandsat the expenseof 
the interlobium in the second half of pregnancy in tile guinea 



Flo. 3. Too efloct of esoffonmifl motor* 
nnl IQF treatment an placental fltruc 
turn, ftopresontutitfu mid*«nfdttat «jc» 
Anns of ncaiMerm placenta* Htninod 
with Mnsson'sTrieliroma to dbitlnfruirth 
Inbytintii and interlobium luyoro from 
mathorfl that had been treated with. vo» 
HcIb (A), ICF.T (B), or 1GK-.U (C) durnuj 
uurly Lomld^profrniiTicy. U Labyrinth; 1, 
Interlobium. Sttj/u bant, 400 am. D. 
RoprcsenUUiw mid«ttrtirjttal rtcction of 
near- term placenta doubl relabeled and 
oosln stained to mvuul structural com- 
ponents of Urn pie cue ml kbyrinth. in* 
eluding fetal tropl tub lust {thin ojvduO, 
maternal blood space* [anterishfO, and 
fetal enpJUarta (broad urruwtt). Scate 
oaf, 40 um* 




.^■^y^ K i i V^.^*^yCF^^^ /l , ^-^w>. 
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pig (30, 34, 51), together these changes in the structure of the 
placenta a* a result of earlier exogenous maternal IGF-n arc 
iwggestiveofa more mature placenta and would be expected 
to Increase placental transport capacity. In contrast, maternal 
exogenous IGF-i had no effect on placental structural 
development 

Rapid placental structural differentiation and growth oc- 
curs In early to mid gestation In all cuthcrlon mammals. In 
humans and guinea pigs, trophoblasbi invade deep within 
the uterus and its arterioles* extensively remodeling them* to 
permit increased maternal blood flow to the placenta 02, 5Z 
S3). This ensures delivery of oxygen and nutrients to the 
placenta, and subsequently to the fetus. The sustained effects 
of maternal TCP-IT supplementation in early to mld*preg» 
nancy on the placenta reported here arc the converse of those 
observed after specific deletion of 1G1M1 within the placenta* 
IGF-n Is abundantly expressed by Invasive trophoblasts of 
human (54), mouse (55),rat (56), and guinea pigplacenta (57). 
Ablation of placenta-specific Ig/2 gene expression (PO tran- 
script) in mice reduced the surface area for exchange, in- 
creased the exchange barrier thickness and also impaired 
nutrient transport capacity of the placenta (16, 17). 

Kcduccd maternal circulating TGF-TT In mid-pregnancy, as 
a result of undernutrition in guinea pigs (36), is associated 
with similar consequences to those of placental Igft gene 
deletion (17), with a delay and impairment in the functional 
maturation of the placenta and with reduced fetal growth in 
both mid and late gestation (37). Together these findings 
indicate that maternal circulating IGMl may act in an en- 
docrine fashion to modulate placental development, in ad- 
dition to any autocrine/ paracrine effects of locally produced 
IGF-IL We suggest that exposure to increased circulating 
maternal IGIVII In early to mid»pregnancy may provide a 
foundation of increased placental trophoblast proliferation 
and invasion of the uterus and its vasculature, which leads 
to increased volumes ofboth trophoblast and maternal blood 
spaces in the placental labyrinth in late gestation. This would 
be expected to increase maternal blood flow to the placenta 
and enhance growth of the area devoted to exchange Im- 
proving placental transfer of oxygen and mttrienfcs to the 
fetus from the mother. This was consistent with Increased 
circulating fetal amino acid concentrations with earlier ma* 
tcrnal TGF treatment, near term. Hence, maternal TGl'-U sup 
piementation presumably increased fetal growth and viabil- 
lly predominantly by these actions on the placenta. Current 
studies in our laboratory ore focused on determining 
whether early maternal TGF treatment Increases placental 
transport of nonmetaboUzablc analogs of glucose and amino 
acids in the fetal circulation and tissues and whether treat* 
mcnt affects nutrient partitioning In the mother. 

Supplementing the mother during early to mid-pregnancy 
with cither TO 7 had a sustained positive effect on fetal 
weight length, and girth near term, which is consistent with 
the anabolic effects on the fetus seen at mld-prcgnancy after 
similar treatment in the guinea pig (41). The increased fetal 
weight observed with maternal IGF treatment appears to be 
substantially due to increased muscle mass overall and pro* 
portionatcly for selected muscles and perhaps enhanced fetal 
bone growth as indicated by increased carcass weights. This 
may be mctobollcally beneficial In later life because muscle 
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Fie, 4. The effect of ejtayuauim mnlr.ro ul IGF* an utructuml cam* 
Into* af placental exchange function near term. Proportion* (A) ujttl 
volume* CB) or fatal trophoblast. maternal blood spaces, autl fctul 
capfltaHo* in the placental labyrinth (mhatiRQ roptan), as well as tho 
tetul tmr&ico ma of aytteyttafcrophoblnitt for exchange CO* Data ore 
Gum n - 1-3 ptucentoo Dram euca of uovon ta nine mother* per 
treatment; Valuus uru cxpruwwd a* mean* s men. Attcrtik* donate n 
statistically aignUlcaaL diCfcnmco compared with tho venlclo group, 
P < 0.05, rt, Positive correliikltitt with Ibtal waijmt, r > 0.34 and P < 
0.034. 

b an Important site for insulin-Induced glucose uptake. In- 
deed, fetal growth restriction in the guinea pig, induced by 
maternal food restriction and accompanied by reductions In 
circulating maternal TCF concentrations (36), to characterized 
by deficits in muscle mass, increased adiposity in the fetus 
near term (58) and with Increased blood pressure and im* 
paired glucose and cholesterol homeostasis In adult off- 
spring (59-61). 
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TABUS 2. Effect of maUrnal IGF LrcuLmtmt on Uttw etiaipttrition 
and fetal dimensions near Uirm 
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FctUIW* 


19 


22 
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Fimrnlax/malin 
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14A6 


Tdwl Utter 


3*42 X 0.1 


3.35 .!: 0.1 


3.67 ± 0.1 


Nwnbcr viable 




3.27 3: Qti*' h 


3.40 £ 0.2* 


Number rc*Drbia& 


0.G8 s O.J* 


O.CKl K 0.1* 


0.27 * 0.1* 



Data are expressed u* mean £ SKM. 

Wffcntu fiuptncripu denote slgnifuuint. dttToroncQ* between 
Kraujw, P < 0.0G. 

The present study suggests that Increased maternal TGF-T 
and 1GF-H abundances during early to mid- pregnancy pro* 
mole fetal growth and viability near term by mul tlpl e mech- 
anisms. In addition to direct effects of 1GF-U on placental 
structural development, which In the current study were 
positively associated with fetal weights, the IGFs may in- 

TA&U2 3, Effect of maternal IGF treatment on fntnl weight and 
body coapoRlttan nonr term 
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Fetal weight (r) 
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(em) 
Head width Cem) 
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(ft Body 
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Body 
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lie trope ritoontU 
fat (a) 
1% Body 
wotfiht) 
Carcaw (g) 
(% Body 
weight) 



66.62 - 2,40- 77.75 ± 74.03 s 1.00'* 

14.00 ±0.34 w 1G.2S £ 038* 14.77 3 0.24<* 

8.82 ± 0.28" 9.69 s 0,23* 0.01 S 0.20** 



0.81 S 0.40 
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139 S o.ir 
8,6 £ 0,1 

0.B3 A 0.04* 

04) 2 0.04 
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0,93 ft 0.OU 

0.10 ± 0.01 
0.13 ± 0.01* 

3.77 £ 0.14 
4JI .t D,l h 
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0,59 a: 0.02 

0.44 * 0.16* 
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2,77 ± 0.09" 
3,6 ± 0.1 

0.78 ± 0.03* 

1 .0 £ 0.03 

68.01 S 1.0 b 
76 S 0.6 



7.20 ± 0.37 
0.67 ± 0.03"'* 
0.01 X 0.03 

0.U S 0.D1 
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3J30 X 0.1.0*> 
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niflcnntly effected by treuLment are nhown. Dtffcrnnt Mipantripts 
denote Bijmiflcant dllTuruoeu between irroupj*. avtub t P< O.OC. 
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Fid. 6. The ttueet of ozojmnmM maternal IGF trcutmcnt an fetal 
weight diaLrtbuttaa CA) and on the nrtitociatlon erfctnl wciuhu with 
placental wcltfhU CB). Bach fetun from rtcvnn to nine mother* per 
treatment l» roprcsentod. 

crease nutrient transporter expression (20-22) and/or pla- 
cental vasodilation (26). which would allow for more sub- 
strotc tobedeUveredto the fetus forltegrotvU-uTlic IGftmay 
also influence placental metabolism and function, which* in 
turn, may drive major physiological adaptations to preg- 
nancy in the mother. Including the development of insulin 
resistance to divert nutrients to the conccptus (62^64). This 
has been attributed to placental production of hormones 
Includingestrogen, progesterone, and placental Inctogtai (64, 
65) that reduce maternal insulin secretion (64* 66) and an- 
tagonize the effects of Insulin on maternal tissues, including 
fat dcposl tJon (65). Treatment of the mother wiih TCTMi en* 
hanced placental weight in mid-pregnancy (41) and is ac- 
companied by elevated maternal circulating estradiol and 
progesterone concentrations, although these were not sig- 
nificant This would be expected to amplify Insulin resistance 
and other adaptations such as fat deposition in the mother. 
Consistent with this, exogenous IGF-tt during early to mid* 
pregnancy In guinea pigs Increased maternal interscapular 



Downtoadod from endo.ondojournols.oro at Unlwomlry of Adelaide Barr Smhh Library on January 7. 2007 

PAGE 33/37 * RCVD AT 1/8/2007 5:21:54 PM [Eastern Standard Time] * SVR:USPT0-EFXRF-5(1 1 « DN1S:2738300 * CSID:510 533 1 106 * DURATION (mm-ss):1 1-52 



JRN-08-E007(MON) U:I3 FRRNCI5 LAW GROUP 



(FflX)510 533 1106 



P. 034/037 



33G2 EpdacriuQlocy. Juiy MtnVXM-X&G 



SrarrwJ.Parri et aU • IGFb Act OU&ntatiy to Praqjmo Total □rawtb 



Fia. 6, The effect of cxotfciiouii tnuurpnul IGF* 
on circulating metabolites Ui the fctut CA3 and 
mother (B) near torm and estradiol CO) and 
jmjKnfltenmo CO) in tho ninth or on d 8T> nnd 63 
of praaaaaiy. Fatal dot* nre from nU fotuwin of 
nix to oiRot mot&am per twrtt*nrmt» and vnlws* 
uro csprauuid an ontlwntod nwjjinitl mmtxn 
ixdjutitad {at tho number of viable pup* s 
Miiicrnul tUitu uro from hU Uj clynt mothers 
per treatment, and vulue* uro dxprodtfed a» 
means £ Httrt. AA» Amino acids; ChuL, chulcj*- 
tcrol; dSC, d 35 of projjnancy; d62, d 62 of preg- 
nancy; FFA> free frtty add*; Clue, glucose; 
Trta triglycarido*. AntariAk* drmatn a nttidfltl* 
cully slj^tllieunt diflbrcneo compurod with tbu 
vehicle uroup, J* < 0.04B. 




Glue FFA Ghol Trig 
D 



AA 




d35 



d62 



035 d62 



adiposity at oiid-prcgnancy (41) and there wan a trend to 
raised maternal circulating glucose concentrations near term* 
These increased maternal adipose stores were depicted to 
normal by late pregnancy in the current study, which may 
have further enhanced nutrient availability for the fetus, 
cither directly or Indirectly. This suggests that 1QV11 nets on 
the placenta to Increase febl growth, by fuastalncdly pro- 
moting placental development but additionally may en- 
hance maternal physiological adaptation to pregnancy. 

The mechanism by which Increased maternal iGM abun- 
dance In early to mld-prcgnancy sustalncdly promotes fetal 
growth is less dear. The enhanced placental weight at mid- 
gestation by prior maternal TGF-T treatment (41 )» which Is no 
longer apparent in late gestation, may have had persistent 



effects on the fetus that increased fetal growth near term. In 
addition, unlike IG*MJ # IGF-I did not increase malcmol fat 
deposition In mld-prcgnancy (41) and in fact reduced fat 
depot weights near term. Reduced perirenal fat weight was 
associated with Increased maternal circulating progesterone. 
Reduced adiposity may reflect increased mobilization 
and/or reduced deposition during pregnancy, which may 
have increased substrate availability in the maternal circu- 
lation for fetal growth* This has been observed in growth 
hormone- treated pigs where maternal circulating TGF-T con- 
centration was elevated and associated with reductions In 
weight of maternal backfat depots (67). Another possible 
explanation is that larger fetuses of IGM-treated dams may 
signal to the mother via nutrient sensors in the fetal circu- 
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Weeks 

Ftc. 7. The ulfoct of axo^nouft 1 GK* on mntcrnal weight gukx duriap; 
prcgruuicy, Female tfuinon plg» wrtro weighed three djnc* weekly 
during tho study tu doLcrmimi mi ovoragn weekly wctcht, from 1 wk 
before mating and daring prcunancy up until kill* MJnlpumps were 
inserted on d 20 of pregnancy to deliver vobicln, IGF«T, or JOK-U for 
IH d. Term, which 1b approjdmaUsly 87«70 d orprc&nnncy, Is denoted 
on die fcranh. Data are from seven to nine data* pur treatment, and 
vuhinfl are esprewori as means ± 

Intion (tJuchtu* IGFf* and Insulin), to Influence plncental me° 
tabaltem and Increase moblli^adon of maternal adipose tis- 
sue storey late in pregnancy. 

These differential iQP effect* tnay reflect their distinct 
interactions with various receptors, because IQM binds with 
high affinity to the IGHR but negttgibty to TGF2R* In con- 
trast IGF-dl binds to both these receptors, as well as to the 
Irwulln receptor. In the current study, during mid-preg- 
nancy, the guinea pig placenta ubiquitously expressed bath 
IGF receptor proteins. More importantly, however, at the 
time of IGF trca fcmen I; TGF1R an d 1GF2R were localized to the 
apical surface of trophoblastic within large maternal blood 
vowels and blood spaces of the labyrinth. In addition. Insulin 
binding sites have preciously been Identified in trophobtast 
of the guinea pig placenta (68°70}* This pattern of expression 
Is consistent with the localisation of alt three receptors to 
placental trophoblasts in humans and rate (56, 71-77} and 
abundant expression of TGF1R and TGF2R in invasive tro» 

TABLE 4* Effect of muUimul IGF treatment on maternal adipose 
ttoduo weights near term 





Vehicle 


IDIM 




Kumbar afdamfl 


7 


7 






9 


Welyjjt ut 463 


07S&33 


1012 £ 


34 


971 


£36 


TJtcruji tied eoptepta 


20 


2C0S 


44 


242 


£38 


Met body mieu 


7MsStl 


Tdl * 


62 


7213 


£19 


l^ean body mrm 




744 £ 


02 


702 


- 16 


TotJdfntQt) 


2&\0B :«: £3" 


17.89* 


UJ U 


23.14 




(%Bcdywnfcht) 




2,4 s 


0^ 


&2 




Perirenal fat Of) 


5*27 S: 0,8 


3,50 ± 


06 


4.72 


£0,4 


raBedywejojht) 


0.71 z o.r 


Q^S£ 




0,68 


±0436^ 


Rctropcriiiiacnl Jut Cr) 


ami s air* 


6\27s 


0.S h 


8.47 


±0,6** 


tfcBotlywefajntf 




0.86 x 


0.1* 


12 


2:0.06° 


Interscapular Hit uj) 






0.6 M 


BJJ5 


£04-* 


[ftBodywcliihU 




Us 


o.oa^ 


1.4 


£0.0S" 



Data oiproBPed os racaaa ± skw. Only tfuaooH that wore rinnlfl- 
cnnUy oi&ctod by treatment arc dhuwn. Nut body tnttnn la wolpht nt 
ooaUmirtotn minuB the uterus and con tenia, Lean body mm* la not 
body mutt aOautt total UU Ttonue wolght was eulcuktod u* a par* 
contajie of not body mum Difftomi HUpumcripts denote slgnlUcuat 
difference between tfruupm ** tw, * -P < 0,05. 



phoblast populations within the human dedduo and lis vas- 
culature (75). 

The spoclflc.cffecta of 1G1M1 on the placenta, which were 
not evident in IGF-I- treated animals, suggest that 1G£»H ao 
tlons on die placenta may be mediated by the insulin recep- 
tor, whichhas been implicated In mcdlntinglGF-ii effects on 
folal growth (78) or by the IGr^R, which It binds with much 
greater affinity than the TCF1.BL There is evidence to suggest 
that TCF-1T acts through 1GE2R to promote trophoblast mi- 
gration and Invasion (79), and placental angiogenesis and 
vascular remodeling (80). TGF-TT then, ind Irectly at least, may 
enhance placental function by increasing Wood supply to the 
placenta. In contrast, the cf reels of maternal 1GF-1 treatment 
are likely to have been mediated by the TGF1R, particularly 
because this treatment also reduced IGiMl in the mother. 

In conclusion, Increased maternal ZGMI In carry preg- 
nancy sustninediy promotes placental structural and func- 
tional capacity and fetal growth and viability, whereas 1G1M 
appears to act through the mother to enhance fetal growth to 
near term. This suggests sustained major and complemen- 
tary roles in placental and fctnJ growth for increased circu- 
lating iGB in the mother In early pregnancy. 
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n. REMARKS 



A- Introduction 



Applicants submit this Response in a bona fide attempt to (i) advance the prosecution of 
tins case, (ii) answer each and every ground of objection and rejection as set forth by the 
Examiner, (iii) place the claims in a condition for allowance, and fiv) place the case in better 
condition for consideration on appeal. 

Claims 1-29 are presently pending in the application. As indicated above, Claims 1-5 and 
7 has been amended and Claims 6 and 18-29 have been cancelled* Claims 1S-17 has previously 
been withdrawn. . 

Applicants respectfully submit that the noted amendments merely make explicit that 
which was (and is) disclosed or implicit in the original disclosure. The amendments thus add 
nothing that would not be reasonably apparent to a person of ordinary skill in the art to which the 
invention pertains. 



As indicated above, Claim 1 , as amended, is based on pending Claim 24 
(now cancelled), i.c, the preamble of Claim 24 has been incorporated into Claim L The 
limitation directed to "administration of a differential factor selected Irom the group consisting 
of IGF-IT, a precursor of IGF-n, an isomer of IGF-H and an analog of IGF-IT has also been 
deleted and the limitation directed to "administration of an effective amount of IGF-IT to a 
pregnant female mammal in the first half of pregnancy** has been substituted therefore* 

Support for Claim 1, as amended, is set forth in the specification, as originally filed, e.g., 
Example 4 discloses administration of IGF-H to a pregnant female mouse in the first half of 
pregnancy. Support can also be found in original Claim 5. 

Claim 2, as amended, reflects that the "effective amount of IGF-IT comprises an amount 
sufficient to promote binding of the TGF-U to a cation independent mannose 6 phosphate 
receptor expressed on a cytotrophoblast cell." Support for Claim 2, as amended, is also set forth 
in the specification, sec, c.g., pp.10-13. 



B. Response to Rejections 
1* Claim Amendments and Support Therefore 
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Claims 3-5, as amended, arc directed to administration of iGF-H by subcutaneous 
delivery and/or vaginal pessary. Support for Clafms 3-5, as amended, can be found in the 
specification, as originally filed, and in pending Claim 1 8* For example, Example 4 provides 
support for the administration of 1GF-H via subcutaneous delivery. The use of vaginal pessaries 
is disclosed on page 13, line 33 of the specification- 

Claim 7, as amended, is directed to the pregnant female mammal being selected from the 
group consisting of a human, a horse, a cow, a pig, a goat and a sheep. Support for Claim 7 can 
also be found in the specification, as originally filed, and in pending Claim 7. For example, page 
7, lines 12 and 1 3 of the specification provides suitable mammalian species. 

2. 35U.S.C. §112 

The Examiner has rejected Claim 24, which is now embodied in amended Claim 1 , under 
35 U.S.C. §1 12, second paragraph! "as being indefinite for failing to particularly point out and 
distinctly claim the subject matter which the application regards as the invention*" The 
Examiner contends that Claim 24 (now amended Claim 1) docs not recite 4f what the effective 
amount of the differential fector is supposed to achieve.** 

As indicated above, Claim 1, as amended, now reflects that administration of an effective 
amount of the differential factor, i.c. IGF-H, improves a physiological characteristic selected 
placental growth, placental development and placental differentiation. 

3. 35 U.S.C§102 

The Examiner has also rejected Claim 24 (now amended Claim 1) under 35 USC §1 02(b) 
as being anticipated by U.S. Pat No. 5,420,1 1 1. The Examiner contends that U.S. Pat. No. 
5,420,1 1 1 teaches a method of administration of IGF-n to a pregnant female at "any time from 
conception onward". 

It is well established that a rejection for anticipation under § 1 02 requires that each and 
every limitation of the claimed invention be disclosed in a single prior art reference. See In re 
Paulsen. 30 F.3d 1475, 1478-79, 31 U.S.P.Q* 2d 1671, 1673 (Fed. Cir. 1994); Scrlpps Clinic & 
Researelt Foundation v. Genentedt. Inc. 927 F2d 1565, 18 US.P.Q, 2d 1001 (Fed. Cir.1991). 
See also American Permahedge, Inc. v. Barcana. Inc. 857 F. Supp. 308, 32 U.S.P.Q. 2d 1801, 
1 807-08 (S X>. NY 1994) ("Prior art anticipates an invention ... if a single prior art reference 
contains each and every clement of the patent at issue, operating in the same fashion to perform 

7 
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the identical function as the patent product ... Thus, any degree of physical difference between 
the patented product and the prior art, no matter how slight, defeats the claim of anticipation."); 
Transco Ex parte Levy, 1 7 U.S.P.Q. 2d 1461, 1462 (Bi Pat App. & Infl 1990) C|Tjt is 
incumbent upon the examiner to identify wherein each and every facet of the claimed invention 
is disclosed in the applied reference".) 

Applicants respectfully submit that Claim 1, as amended* and Claims 2-5 and 7, 
dependent thereon, arc not anticipated by U.S. Pat No. 5,420,1 1 1 ♦ 

U*S. Pat No. 5,420,1 1 1 discloses administration of IGF-I to a pregnant mammal to 
promote fetal growth. The * 1 1 1 patent does not disclose that the administration of IGF-U (or 
IGF-1) improves placental growth, development or differentiation. 

In support ofthe contention that US. Pat No. 5,420,111 discloses administration of IGF- 
TI to a pregnant female mammal, the Examiner relics on the statement in the * 1 1 1 patent that 
"although the studies to be discussed herein concentrate on the use of IGF-I, the claims extend to 
TGF-II and analogues of IGF-I and IGF-II as these arc known to exert a similar biological effect 
to IGF-I (Schocnlc ct at, Acta Endoc, 1 08: 167-174, 1985)." 

However, it is submitted that one ski lied in the art would recognise that the biological 
effects of IGF-H are quite different to that o f IGF-I (see, e.g., Fowdcn A* L„ "The Insulin-like 
Growth Factors and Feto-Placental Growth", Placenta, vol 24, pp. $03-812 (2003) and Sfeiruzi- 
Pcrri, et at, "Maternal insulin-Like Growth Factors-I and -11 Act via Different Pathways to 
Promote Fetal Growth", Endocrinology, vol. 147(7), pp. 3344-3355 (2006), copies attached). 
Thus, one skilled in the art would recognize that while the '1 1 1 patent discloses that treatment of 
IGF-1 to a pregnant female mammal may extend to analogues of IGF-1, one skilled in the art 
would also recognize that the disclosure does not extend to IGF-Jl. 

Applications fiirthcr submit that U.S. Pat No. 5,420,1 1 1 does not disclose when or how 
to administer IGF-H to a pregnant female to improve placental growth, placental function, 
placental development or placental differentiation. Further, the 4 11 1 patent docs not teach or 
suggest that the administration of IGF-TT to improve placental weight, development or 
differentiation. 

The U.S. Pat No. 5,420,1 1 1 merely discloses that the compositions may be administered 
"at any time from conception onward" (column 2, last paragraph). Indeed, the 4 1 1 1 patent 

8 
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discloses that 1CF-I is "[d]csirably administered close to the time of birth of the fetus** (column, 
last paragraph), which teaches away from amended C laim L 

In addition, given the lack of teaching in U.S. Pat No. 5,420,1 11 as to how and when to 
administer IGF-II, one skilled in the art would recognize that an improvement in placental 
growth, development or differentiation would not necessarily flow based on the teaching 
provided in the 4 111 patent 

U.S. Pat No. 5,420,1 1 1 also teaches away from the current invention by slating that 
IGF-I has no effect on placental weight (see Example I). The 4 1 1 1 patent further discloses in 
Example 3 that since IGF-I docs not cross that rat placenta, the effect of IGf-1 is clearly in the 
maternal compartment (see column 3, 3 rd paragraph). 

Applicants therefore respectively submit that Claim 1, as amended, is not anticipated by 
Pat No. 5,420,111. 



Applicants, having answered each and every ground of rejection as set forth by the 
Examiner, and having added no new matter, believe thnt this response clearly overcomes the 
references of record and renders the claims clear and definite, and now submit Claims 1-5 and 7 
in the above-referenced patent application are in condition for allowance and the same is 
respectfully solicited 

If the Examiner has any further questions or comments, Applicants invite the Examiner to 
contact their Attorneys of record at the telephone number below to expedite prosecution of the 
application. 



UL CONCLUSION 




Respectfully submitted, 
FRANCJSLLAW GRQC 



Dated: January 8, 200? 



1942 Embarcadero 
Oakland, CA 94606 
Teh 510.533.1100 
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The Insulin-like Growth Factors and feto-placental Growth 



Abigail L. Fowdan* 

Department o! Phyaiolony, Univorslty ol Cambridge, Oownlng Struct. Cnmbrldpc CB2 3E6, UK 
Pnpcr accepted S March 2003 



The insMlln-llkc growth heron. IQVA and 1GF-11, ha*c an important role in fetoplacental growth throughout gestation. They 
have metabolic, myogenic and dilfcrimiiau«c action* in a wide range of fetal tissue* Including the pbecnta. Both IfP and jy? 
genes arc cxprawcri in feral tissues, E*preju>inn uf the i*J2 gene is nwrc abundant than lgfl gene expression during mid to late 
geswciori. Both JGF*s arc aloo present in the fetal arculariun* with 3-10 fold higher Icvdji of IGF-Tl than 1GF-1 during late 
potation. Expression of the faf pene* iit dcvclopmcntalty regulated in a tissue specific manner and can be affected by nuTrmonal 
ond endocrine conditions in mere. Deletion of cither /jef gene of the Itfit gene retard* fetal growth white ovtt-c*pres*ron of IGF-T1 
leads to fetal overgrowth* In mice, placental growth ta affected only by manipulation of the l$P note. The IGFa ako effect the 
growth of individual fetal riaue* and influence the uptake and utilisation of nutrient* by the fetat and placental tissiics. Circulating 
concentration* and tissue expression of the IGF** are reduced by undernutrition and deficiency of nutritionally sensitive 
hormones, men as Iniiulin. thyroxine and glucocorticoid*. In general, die tff\ gene is more responsive to these atimuli than the 
IlP Bene* In addition, the crfcew of the IGFd on feto-placental growth can be amplified or attenuated by the IGF binding proteins, 
which ate themselves regulated by nutritional and endocrine signals. The /g/2 vpxc appear* to provide the constitutive drive for 
mirautcrine growth via its placental effect* and direct paracrine action* on fetal tiwuc while the Rene rqrulatni fetal growth 
in relation to the nutrient supply. 

flaccntjt {2003% 24, 803-81 2 © 2003 Beevier Ltd. AU right* reserved. 



INTRODUCTION 

The insulin-like growth factor*, TGF-I and tGF-H, have a key 
role in regulating fetoplacental growth throughout gestation. 
They l»vc metabolic, mitogenic and differ cmiarivc actions in a 
wide range of feral tissues including the placenta Uone* and 
Qcmmons, 1995). They act as progression factor* in the cell 
cycle ond Increase DNA synrhaag and cell differentiation in 
cultured embryo* and ucvcral different fetal cell lines In vitro 
(Han and Fowdcn, 1994; Gardner et sd M lWJ). Their concen- 
trations in the fetus in vivo are positively correlated to birth 
weight in a number of specie* including humans, primate*, 
Hhecp, pigs, rabbits and rodenu (Daughaday et al, 19H2; 
Glueleman et al*, 19B3; Lee, Chung and Sirntnen, 1992; 
Tarantal and Gargosky, 1995; Kind et aL # 199S; Thaltur et al„ 
2U00; Ong et al., 2000). Thfo review examine* the relaiionahip 
between the )GF* and fcto-pla cental growth and places par- 
ticular emphasis on the expression, action and regulation of the 
IGFs in fetal and placental tissue*. It consider* the insulln-lHte 
growth factor binding proteins (IGFBPa) in much less detail an 
their regulation and rate in modulating the actions of the 1G Fi 

• To wham onreaprmdence ihautd be addretscd. TeU ■M1»1223« 
WiHS5; U*i w.\m~mm\ E-mail: ainOOQ@earn.ac.uk 

DMV4001/M/&-tre front matter 



have been reviewed recently CAlbn, Flint and Hatcl, 2001; 
Schneider et al, 2002; Mohan and Buylink, 2002). 



Expression of the igfs BfcFone birth 

In many species, both the itfl and f$f2 genes are expressed in 
fetal tissues from the earliest starje of pre- implantation 
development to the final phase of tissue maturation }usi before 
birth (Wataun et al., 1991; Hill, few* and Arauy, 1998; 
Fowden* Li and Forhcad, 199B). During mid to late gestation, 
JjJ2 gene expression is widespread in fetal tlasue* and in mote 
abundant than JfJ7 gene expression In rodents, ungulates and 
humans IH3IU 1990; Dclhanty and Han, 199J). Doth lGFa are 
also detected In the fetal circulation from early in gestation but 
plaaroa concentratioiia of IGF-TT are 3*- 10 fold higher than 
thofic of IGF-1 during late gestation in all itpecie* studies so far 
(Table I ). Tissue and plasma IGF-TT arc also higher In the 
fetus than in newborn or adult animals in mnar xpeeles 
(Gluckman and Tiutlcr, 1983; Mesiano ct al. # 39o7). In rodents, 
IGF-U expression disappear* from most tissues except the 
brain by wisttuttg, with the consequence that IGF-U is virtu, 
ally undetectable In adult plasma (Lee, Lmtar and c^stratiadis, 
1900; Singh, Rail and Stync, 1991). In ungulate*, ?rJ2 gene 
4t> 7W Ehi'liT U4» AU nsHu r<«er%cU. 
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Table 1, Fetal plains unncetitmiotis nf ]CF*1 and ICF»U durinc 
law cwatjan in. different vpectea 

Watma conccmruribnii 
lng/mJ) 



IGF-I 



1GK-TI 



krfcrence 



Humia StMOO Clttckroao ct ^ 19W 

Mdobcy 70-80 30CMQ0 Tarantal & Garewty, 199$ 

Sheep $0-100 400-1000 Ovcn» « al„ 1974 

Cattle SO^W) 280-360 Holland ct al„ 1 W 

Guinea MW0O 500-100 Jcoo cr ah, 19B7 

^ 50-100 400-700 »msh«day cr ah, 1982 



expression is retained in certain peripheral tissues, well aa 
skeletal muscle after birth anil* hence, 1GF-H is present in the 
adult drcutaiion, albeit at lower concentrations than in the 
fetua {Mcfilntto et ah, 19B7; tec, Chun* and Simmcn, 1993; 
Holland ct ah, 1997), lit etmtrast, tissue exprcscion and plasma 
level nflGftt arc low In utcro compared to postnatal 
(Gluekmon and Butler, 1983; Mesiano et ah, 1987; Sm^U* Rail 
and Styne, 1991). *iasma IGF-l levels increase rapidly a/rer 
birth, primarily an a result of the onact of growth hormone 
(Gil) stimulated IGT-T production by the liver (Cluekmtm, 
1995; U ct ah, 1999). There is. dtcreforc, a shift in IGF 
predominance from 1GF-E before birth to IGF-l after birth, 
which has led to the concept that lGF-ll ht the IGF primarily 
responsible for feral growth (sec Gluekman, 1995: J°ncs and 
Clcmmons, 1995; Allan, Flint and Putcl, 2001), 

Abundance of the tGF mRNA* varies widely between 
different fetal tissue* and with gestational age, In the sheep 
fetus, for Instance, Jfft gene expression is particularly high In 
the lung and kidney while IG M mRNA abundance is highest 
in liver and skeletal muscle (Dclhanty and Han 1993; Kind 
et ah, 1995), Similar mtfercnrial patterns of IGF expression 
have also been observed in fetal tissue* from rodem* and 
human and non-human primates (Mill, 1990; Lee, Untar and 
Efstratiadis, 1990; Ue et al., 2001). Tl* developmental 
changes in IGF expression arc also tissue and IGF specific, Tn 
fetal sheep, Igfl gene expression \% up- and down rqtulatcd 
during late gestation in liver and skeletal muscle, respectively 
(Fig, 1), while Iffl gene expression is (impressed in these 
tissue* and the sdrenal, although nor in the lung and kidney 
towards term (U et al*. 1993, 1996; Lli et ah, 1994; Forhcad 
et ah, 2002). 'Hie switch Cram widespread local production or 
IGF before birth to a more selective pattern of expt eosion alter 
birth, therefore, begins during late gestation before delivery 
actually occurs. With the transition from parenteral to enteral 
nutrition at birth, the perinatal switch from local production of 
predominantly IGF-11 to GH dependent production of IGF-l 
contributes to the rcscrtint: of the growth regulatory media* 
nisms that ensure continued postnatal growth in the new 
nutritional environ menu 

In the placenta, expression of the TGF* is species specific. 
The rodent placental expresses only the jmnc while the 



placenta of guinea pip, uhgulates, human and non-human 
primates express both itftfencs (Lee, Untar and Efctrathdis, 
1990; LerniaroV Stcwan and ADcn, 1995; Him and Carter, 
2000). In the bttcr species, the two IGFs are often localited to 
apedfic plaeental tissues (Lee, Untar and Efstratiadis, 1990; 
Han and Carter. 2000). In sheep, IGF-Ii mRNA is found 
primarily in fetal mesoderm within the placentome* while 
IGF-l mRNA hi confined to the uterine gland* in the intcr- 
cotyJedonary regions (Wathe* et al., 199B). In general, 1GF-U 
is expressed in feral tissue at the fetal-maternal interface of the 
ptacenm and in the invading trophoblast in species with 
invade placcntation (Han and Carter, 20TJO). Mucli less is 
known about the developmental changes in IGF expression in 
placental Hum fetal tissues but increased expression of IGF-U 
has been observed in syncytlotrnphoblast and whole villous 
tissue of primates with utctcasing gestational age (ZoUers ct ah, 
2Q01). In ruminants, the placenta is both a source of Tctal 
plasma 1GF-B and a rite for 1GF-1 dearancc from the fetal 
circulation (Dassctt ct si., 1990; Holland cr al. f 1997). 

Each uf the Itf genes has several promnmrs which leads to 
multiple mRNA transcripts vrith different 5* and V un- 
translated rc&ion* (Dickson, Saunders and Gilmour, 1991: 
Gilmour, 1994)> These splice variants show developmental and 
tiwucHmccirtc partcnw nf expression in the ferns (Adamo 
« al^ 1989; U ct aL, 1996; TJn and Oberbaure, 1998; 
Conoancia ct al„ 2000). In sheep, the TGF-I mRNA tran- 
scripts are clafadficd as Qass \ or Class 2 depending on 
whether they are derived from 5' leader exons 1 or 2 (Gilmour, 
1994). In adult liver, Class 2 transcriput predominate whereas, 
In fetal liver, Class 1 is the primary transeript for most oflatc 
gestution with Utile, if any, Class 2 expression until fufit before 
term [Figure 1], Similarly, the Itfi gene 5s expressed from at 
least two premolars in utcro m a manner which is ussac 
specific anil dependent on jrcmrlonal ajp: (U ct at, 1996; 
Con*tanci» et al^ 2000). The 1tf2 gene * also imprinted and 
expressed only from the paternal allde in the placenta and 
several fetal tissues excluding the brain (Ferjmson-Smith 
ct al M 1991; Mtaaao and Slmom, 2002). However, after birth, 
tg/2 expression becomes bialleUc m ricoics, such as the liver, In 
a number of species including sheep, cattle and humans, 
although nnt in mice Pcduara, Robertson and Efstrauadis, 
t990j Kalscltcuer ct al M 1993; Davies, 1994; McLaren and 
Mommoncry, 1999), Imprinting pf fg/2 is controlled by the 
W9 gene, which is itself imprinted and dcvelopmentally 
regulated (Senior ct ah, 1996; Naimeh et aL, 2001). Conse- 
quently, there are otuogenic shifts in Igp Imprinting and 
fGF £cue promoiur usage which may influence IGF bio- 
availability in placental and fetal tissues at critical stages of 
development. 



THE ACTIONS OF THE IGFS ON TISSUE 
GROWTH AND DEVHUOPMENT IN UTtjRO 

In recent yearn, manipulation of gene expression in mice 
has been used widely to establish the role of the IGFs in 
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Gestational age (days) 

FJtltiro 1, The WMP(n>r of iGrM gene In fetal o^c linuo durine Ute aetUifun. Atnmttdbtmn. «T JtNA«c prutcctft* wy uaHix wine ICK-I 
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Toblo 2. The eRects of dtinipdon of genes controlling 16F bioavailability im fori ami plicenbtl wefebta tit mice durint Ute nctuuion 



Gene Turgoi 



Effect 



for cent of normal weight 

fen* (%} PUccna f» Reference 



40 No tiwue or pusma 1GF-I 

hP Kn name or plaima 16JMI 

Placcrtial P0 4/7 Decrease, placental 1GF-U, 

Normal fctit 1GF-TJ 
JGF-typc I No acdan or IGF-t/lGF-IT at 

ictxpiiir Uiflr) tGFlr 
GF-typc 2 No 1G1MI clearance, 

ttccptor Viftt) Tncrcoxcd placuu tGF-tl 
W /0 No suppfcifcUw of maternal Iff 2 allele. 

Increased it>*Mc IGl'-U 
ttfl* anU ///P Increased tUniie »tid platma lGF-tT 



60 

60 
75 


too 

75 
65 


Hotter ail.* 1993 

DcChiarA, Robertson and Efntratimlia. IWO 
Ccmcwcia cl al M 2002 


45 


100 


BaUcr ct »L, 1999 


HO 


NO 


Vudwic « a),, 1 W» ( 


no 


HO 


bu ct al M 1991 


200 




EgpeotchwUcr ct ul., 1997 



fcto-phcctital growth (HfjuraoadK 199R). Deletion of cither 
tlic tfp or fsP ecne retard* fetal growth to a aimilar extent 
(Table 2). When both gene* arc deleted simultaneously, tbe 
effect* on fetal &rm*th are additive ami the double mutants 
ate only 30 per cent of the normal bodyweifiht at term 
(Efittrarlidis, 1998), Deletion of the IGF-rypc T receptor t*ene 
VrPf) produce* a inore severe growth retardation than seen in 
cither the l$fl or J#2 null* (Table 2) which suflfcests tliai both 
IGFs uct through the type 1 IGF receptor to stimulate aasuc 
accretion (E&tratiadia, 199H). Convcntcly t fetal jtrowth is 
enhanced by TGF-J1 ov compression caused cither by deletion 
or the tGP~typc 2 clearance receptor {itflt mUT) or by biuiiclic 
ICF-J1 expression Jn Tcaponsc to fyp imprint rclajtatlon 
induced by dluruptlon nr the ftcne (Tabic 2; Uu ct al„ 
1994; LudwiR ct al M 1996), fetal overgrowth » j^catatt In the 
double IzJZriHW mutant** which twvc the hifthea TGF-II 
levelu and the largest placentae [Tabic 2; Erojenachwilcr ct 



1997). In the human, homozyi^ouit partial deletion of the JGF-1 
erne U alwj associated with failure of growth, both in Utcroand 
pomnatally (Woods ct at,, 199£)» 

These IGF- induced chancy in fetal bodywdght are ac- 
companied by abnwrnaliuea in the development of individual 
fetal tiwiueM CWoods ct al, # 1996; Cfstratladis, 199B), The Itfl 
and Izfi null mice were both viable although they showed 
delayed opsiQcatian and general dwarfisms at birth. The 
Browth rate of the hut not I$p null mice remained low 
after birth which b consistent with die low of TGF-U expres- 
sion in wild types after weaning (see Miozzo and Simon I, 
2O02). Deletion of the IGF type I receptor had more wide- 
spread effects on murine risnue growth and lead to delayed 
twsificadotu thin stun and hypoplasia of respiratory timl other 
muscles, which proved fatal at birth (Efurarisdhf, ITOfl). 
Over-expression of 1GF-11 caused ccncralired orjjanomcgaly 
with kinky taifs, extra toe*, oedema and cardiac abnormalities 
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and was usually lethal at birrh (Lau ct id., Louvi, Accili 
and I Efstttiwdlj, 1997), Similarly, in aheep produced In vitro 
or by damn;, increased IGF-U exposure Induced by reduced 
igRr gene expression is associated with multiple developmen- 
tal sbn^rmalincs, mwdt hypertrophy and pcneralacd over- 
growta of the fetus (Young ct al. f 2001). 

In mice, placental growth » affected by manipulation of 
the /jfl, bm Tint the Itf) or {gtfr S cne* (Tabic 2). The 

£?r? ? th rcmrdcfl b * «tt m mice diat lack 
KfF-D other m ail placental Cell typo {!& null, DcChiara. 
Roberwon and Efstratiadls, 1990) or in the Ubyrinthmc tro. 
phoblast eclhr spcciGttny (PO null. Constant cr i!„ 2002). In 
ro mutant*, the placenta Is small but murphoJopcally normal 
whereas, In Itf* nulls, placental growth retardation is ac- 
companied by structural abnormalities, particularly la the 

51^!^"^ (Rwmt ami Cr *»« XtQl- Constant cr a!., 
2002), Conversely, pUcemumcgaly occurs when lCF-D is 
overdressed by change* in IGF-II clearance or I(J2 im- 
printing {T able 2). Tlie growth aumulatory effecue of IGK-H 
on the placenta may be paracrine ami/or endocrine but du not 
appear to be mediated via the IGF type 1 receptor (Table 2). 
Placental growth « aha normal in double mutant* lacking both 
ICtF type J and insulin receptors which suggem tlic IGF-lI 
may act through an unknown placental specific receptor 
(Uuvi Accili and Bstratiadis, 1997). The extant* of another 
type of IGF receptor in the placenta may also explain Ute 
unusual chawoemdea oflGK-1 binding observed in the ovine 
trophoblasc between 4M5 day* of itcrorion when no fyflr 
jjene expression can be detected in the plaecntomea (Uerotx, 
Scrvcty and Kaon, 1995; URoith a al., 1995; IVatlii* ct at, 
199H). However, whether this placental specific IGF receptor 
la responsible for pbccntarnepily in mice during IGF-ll 
ovcr*c*po*urc remains unknown. 

Tn Itf! nulls, ptacenut and fetal growth retardation occurs 
in parallel and bcjttns around mid gesiadon (Baker ct aL. 1993} 
In P0 mutants lacking 1GF-TI only in the labyrinthine pial 
ccnta, growth retardation of the placenta bcjpns at a similar 
stajp: but growth of the fctua fe not alowcd until much later in 
gestation (Constanda et al M 2DQ2). At tcrm t the wm'itht of the 
fetus produced per p*m of placenta was grarcr in PO mutants 
dian in wild types although both the PO placenta and fetus 
were smaller than normal at this sta^c These observation* 
suggest that IGF-U may affect the functional capacity of the 
placenta to transfer nutrient* a* welt as placental aba:. Both 
TGFs have been shown to alter glucose and amino acid transTcr 
across cultured human troproiblast derived Cram diorionic villi 
(tCtiis* cr *L J994). Similarly, administration of IGF-1 to 
cither the fctua or mother has been shown to alter the transfer 
and partitioning of glucose and amino acids between ovine 
fetal and uteroplacental tissues (Harding; ct ah, 1994; TJu 
ct al., 1994). Changes in expression of the ammo add trans- 
porter proteins have been observed in spcculc rcm'uos of tire 
W null placenta (Matthews ct at., 1999). Measurement of 
passive and secondarily active transport across the PO mutant 
placenta has shown that passive diffusion is reduced while 
System A amino acid transport u; increased per unit surface 



atca of placenta throughout late Gestation (Consiancia et al. 

2002) . Up-rcBulatmn of System A amino add transport! 
therefore, appears to compensate Tor the smaller site of the P0 
placenta for much of gestation and only tails to meet the 
prowth requirements or the fetus late in potation (Re2c et al 

2003) . Whether this up-rcrjutaOon of amino add transport £ 
the consequence of a paracrine 1GF-H deficiency, in the 
iabyrtnthine phecnta or ul^n endocrme action of the normal 
drcubunf levels of the 1GF-1J ; n the I'D fetus has yet to be 
determined. 

While *oic manlpuUrion experiments ha*c slmwn that 
lGF^l alTects fcwl jtrowrh direcdy, they sucuesr that the 
BnJwtlwpromoHnj acdont of IGF-U on tltc fetus may be 
indirect and mediated via chanties in die growth and nutrient 
transport caparity of the placenta (Table 2). However, more 
detailed compariaon of the growth rates of various IGF 
mutanw has shown dwt fetal prowth is determined by the 
action* of IGF-I on the IGF type 1 receptor and of IGF-U 
on both tlic IGF type 1 and insulin receptors (F.ggatschwiler 
et al>, 1997; Uuvi, AcciJi and Elstratiadls, 1997; Efstratladis 
1998). The KTowth-ptomotinj: acdon oflGF-H was predomi- 
nantly through the IGF type I receptor, although insulin 
receptor mediated action increased during late gestation to 
account for about 40 per cent of the total 3GF-1I activity 3 t 
term CLouvi, Accili and E&tratiadis, 1997). 'Hie interactions of 
IGF-I and IGF-JI with the IGF type 1 receptor were equally 
as important in dctcrminm* fetal Growth during late Resution 
(Baker ct aL, 1993). 

Administration of IGF-I directly to sheep and monkey 
fetuses for 10 days has no cfTecl on placental or fetal body 
wdtjhi (Lot ct al.. 199n; Tarantal, Hunter and Gar$o*ky 
1997). However, In both species, IGF4 Increased the weight of 
specific feral arpns such as the spleen* thymus and kidney. It 
also increased the weight of the li*er t lnnns heart, pituiiary and 
adrenal glands in the sheep fetus (Uk ct al., 1996). In addition, 
IGF-I administration promoted skeletal maturation in the 
sheep fetus durinp late Kcstntion (Lnk eL ah, 1996). More 
long-term admlntsttadon of JGK-1 via tlie |»ut (30 days) has 
been shown to increase total bodywdgln in growtn retarded 
sheep fetuses (Kimble et al., 1999), These changes in p^owih of 
the internal organs and skeleton are probably die result of the 
anabolic actions of on fetal metabolism. ShorMcrm 

infusion oriGF-T (4 h) into the sheep fetus has been sltown to 
ittcreasc placental ammo add transfer and to decrease proteo* 
lysis and amino acid oxidation in fetal tissues (Harding et al., 
1994; Boyle et aJ.. 199B; Jensen et al., 2000), This would 
increase die availability of amino adds for protein synthesis 
and the accretion rate of protein in the fetal carcass. However, 
IGF-l administration reduce* the fetal plasma concentration of 
insulin (Leichty ct al M 199(5), a maiar promoter of fetal growth 
(Fnwdert,.l995). It also suppresses and ftf2 gene expres- 
sion in fetal ovuic liver which may reduce the paracrine 
stimulus for wuc jrrowth (fCnd et ah, 1996). Change* in 
insulin secremm and local TGF production may therefore 
explain the selective effect* of 1GP-I administration en tissue 
growth in sheep and monkey fetuses* 
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nutrient supply on tal IGF ctmccntratlom 



Treatment 



Maternal nutrition 
Protein depHvuJton 
foiling 



KatHct utrHne Wood How 



Rtttrfet placental funcifnn 

Canmdcctomy 

Curd ucelutiofv— jiattiat 

— complete 
Maternal hyptimit 



Species 



Rm 
Rat 

Slwxn 

Kai 

Guinea pig 
Stttcp 

Khecp 



Sheep 

TUr 

Hltscp 



Per ccm dunftc in plasma IOF 



IGF-I (%) 



IC1MJ (%) 



Reference 



150 

ISO 
iTO 
ISO 

170-75 
No change 
180 
110 



No dungc 
110 - 
1IS-40 

No chimp* m 1 10 
No change 
i20 

No chanitQ in 120 

No change 
No change 
TfO 

No change 



Muaku ci at, 1995 
Straw** et at. 1991 
Oliver rt ttl, 103ft; 
l-ce ct al„ 1997 

Price ct at, 1991 
Jottca ct aL, 19H7 
MeUllao ct iU VWt 

Owens ct at, 1994 
Grceh ct ai« f 20GQ 
Beonct et at, 2UQ1 
TlpanaJncn el at, 1994 
IwamnlD ct at» 1992 



A* well a* Btwitilfliini: cell .proliferation, IGF-1 and 1GK-U 
have been shown to prevent spoptoui* in cultured cell lino 
(Han and Fowden, 1994; Allan, Flint ami Tatcl. 2001). In 
rodent*, the {3 celb of the endocrine pancreas undergo pro- 
grammed apnptotns fnllowed by a wave of islet ncopmcus 
around the time of wcanm* (sec Hill, Petri* and Arany, 1998). 
This KcnUcncc nf p cell destruction and renewal couteidcswlth 
a decrease tn pancreatic I$J2 pene expression and with a atiarltch 
rram feral 0 cell* capable of replication to non-pro Wcratinc P 
cells with insulin decretory responses du racteristic qf the adult 
(ace Fowden'and Hilt 200i). When 1CF-H levels arc main- 
tained durinp weaning by tranche oVCT-cxprcttion of 
IGF-11, the wave nf apoptosl* does not occur and P cell mas* 
Increase* five fold (lull, Petrik and Arany, 199h> These 
observations surest that 1GF-11 may have a key talc in cell 
differentiation, particularly durimj the pcritiatal period when 
many tfewucs are adapting to new environmental condition*. 
Certainly, In the sheep faun, the decline in Itf2 fjene cxprcs- 
aion In the Ifoer, muscle and adrenal toward* term coincides 
with the main phase of prcpattum structural ami functional 
maturation tn these tissue* (U ct at, 1993, 199G, 2002; Ltt 
etat, 1994), 



REGULATION OF IGF EXPRESSION 
Nutritional rofjulntlon 

fctaJ IGF concentrations are affected by a wide range of 
exncrlinental manipulations which alter the placental supply of 
nutrient* to the fetus (Tabic 3). Reduced availability of both 
substrate* and oxygen or or either substrate or oxygen alone 
lower feed IGF concentrations (Table 3). Nutrient restriction 
1uv» a more pronounced effect on drculatine levels of IGF-J 
dtan lCF^Il, irreapccuvuof the cause or nature of the nutrient 
deficit (Table 3), Similarly, there is a fireater reduction in 



tissue abundance of IGF-I than IG1MI mRNA during nutri. 
cnt restriction in fetal rata and sheep (Strauss el at, 199 1 ; Kind 
et at, 1996; Brameld et at, 2CQ0). In fetal slicep, JGF-l, but 
not IGF-n concrntration* arc directly correlated with the fetal 
arterial blood pO, and glucose levels during late gestation 
(Carr ct at, 1995). Indeed, IGF-1 Icvd, can be raised in the 
fetus of fasted cwetf by direct fetal infusion of either glucose or 
Insulin (Oliver et at. J996). Since insulin increases glucose 
uptake by fetal tissues (Fowdcn, 1995), these observations 
sugtjcsr that IGF-1 is regulated by the cellular availability of 
ITlueosc (Fowdcn» Li and Forheact 199tt). In contrast, fetal 
levels of IGF-H arc reduced only durinc tie severest types nf 
Growth retardation or when nutrient deprivation is particularly 
extreme or prolonged (Owens ct at, 1994; Holmes ct at, 1997). 
The Jy7 gene, tl«rcfore, appears to be more responsive to 
dunces in nutritional mate than the Jgfit rjene in the fetus 
during late gestation. These observaunns arc cunsisocnt with 
the findings Utat birth weight is more cloncty correlated with 
plasma IGF-I than IGF-ir in several u pedes (Carr ct at, 199$; 
Qnp ct at, 2000). 

Endocrine rocjulAtion 

feud IGF concentration* arc also affected by the endocrine 
environment in utcro, particularly by nutritionally sensitive 
hormones known to regulate fctat development^ such as insu- 
lin, thyroxine and glucocorticoid a (Fowdcn, 199$). like nutri- 
ent restriction, deficiency of these hormones in utero aflccts 
expression of IGF-I more readily than IGF-tt Compared to 
the udult, GH has relatively flrrlc cJTcct on the 7GF axis in the 
fetus, probably due in the paucity of Gil receptors in fetal 
tissues for moat of paiunlon {Gluekman, 1995; Fowden, U and 
Forhead, 1998). Insulin deficiency, on the other hand, reduces 
plasma IGF-I, but not IGF-II levels in the sheep fetus 
(Gluekman ct at, 1987). Conversely, instilUi infusion raises 
planma TGF-1, but has no cRccr en 1GF-U level* (Oliver ct at, 
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100(i> fetal insulin and IGF-I IcvcU arc, therefore, positively 
correlated over the normal range of cancenlrauonn obs erved in 
utcrn and act lynoifcitticaUy to enhance accumulation or 
glucose and amino acid carbon, respectively, in the fetal tissue* 
(Owens, 1991; Fowdcn, 1995; Han and Fowdcn, 1994). 

In fetal sheep mid pig*, circulating 1GF-1, but not 1CF-U 
concentration* are also reduced by thyroid hormone deficiency 
and arc revLored to normal values by thyronine trcatnicnt 
(Mesiana et al M JOOT; Latimer ct »1„ 199 J)> The low levels of 
I01M induced by hypotltyrotditm were accompanied by fetal 
growth retardation [Fowdcn, 1995) and by riuuie-tpecifc 
chance* in /r/7, but not t$fi gene expression (Latimer et ul., 
1993; Forhcad ct at, 1998. aCQO). In fend pins, thyroid 
hormone deficiency reduced the 1GIM content of a wide range 
of fetal tisaucu, including the liver and skeletal mUHcU (Larimer 
et al M 1993), In Contrast, thyroidectomy of the sheep fetus 
increased 1GF.I ruRNA levels in the liver, but reduced its 
abundance in skeletal muscle during laic gestation (Forhcad 
ct at, 2000, 2002). Hypothyroidism also altered the normal 
ontogeflic pattern of/r/7 gene expression In both these tissues 
towards tenn (Forhcad ct at, 2Q0u\ 20112). Hence, thyroid 
hormone mediated changes in gene cxpratfon probably 
have an important rule in regulating fetal growth* particularly 
In tlteUcs, such as skeletal muscle, which normally accounts for 
2S-33 per cent of fetal bodyweight at term (Owens, 1991). 
However, the cJfects of thyroid hormone* on placental devel- 
opment and Itf gene exprcsslnn remain largely unknown* 

In comrsjtt to insulin and the thyroid hormones, gluco- 
corticoids affect expression of both iff genes, although their 
clfccxs arc tissue and TGF specific (Fowdcn, V\ and Forhcad, 
1998). In fetal sheep, Cortisol up- and down-remilates Itf? gene 
expression in liver and skeletal muscle, respectively, whereas, it 
down»rcgulatcs JxP gene expression In these tissues (Figure 
2). These changes in tissue expression occur both in response 
to exogenous Cortisol infusion before term and when feml 
Cortisol levels rise cndogenously during the immediate prcpar- 
nim period (Figure 2)« The cortiwd induced changes in tissue 
!*f gene expression are also accompanied by decreases in the 
fetal growth rate and, close to term, by a fall in plasma 1GF-U 
levels (Gluckman cr a1. # 19B3; Fowden et ah, 1096). Cortisol, 
therefore, appears to initiate 0u= switch from paracrine IGF 
production in urcro to the hepatic production of endocrine 
ICF-t characteristic of the postnatal animaU However, the 
mechanisms by which Cortisol acts remain unclear, Corttitol has 
been shown to suppress transcription of the ovine Igf2 gene via 
specific promotar* In feral liver in vivo and in eel) lines m vitro 
(Li ct ul„ 1998), In contrast, the ovine Itfl gene contains 
no rccognisabtc glucocorticoid response elements (Dickson, 
Saunders and Gilmour, 1991), Hence, Cortisol may act on trf 
gene expression cither directly or indirectly through changes in 
GJI receptor gene exprewlun (Li et ah, 1999) aitd/or via other 
trsTtfcriprlon {actors or coniaol-dcpcndcnt hormones, such as 
triiodothyronine (Forhead ct al* 199R, 2002). Whether the 
prcpartum Cortisol surge is also involved In the perinatal 
transition from monoalleUc Lo biatleUc [gft gene expression 
remains unknown. 



PUcenta OD0J) # Vg|. 24 

a) 1GF41 
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. Gwiaiiontd true (days) 



Control E3 Cortisol ooeutd B Adronntoctomfeod 

r*lodr» 3L The cutiirol of IGV Rene cnurcnUm lit fmnl o«lrw ll*4*i by 
euttW tlurittt Ulc itdtatlnn, CartM fc»di wrra rmnlfmUlcd befnn: term by 
cnrflwt infuilun »ntl >i tarn hy fetal udrcwfctf t»my, *l*ho ftxvrc »ho*t mnan 
(±S8) Abundance* vt (a) lCrMl mtlNA and 0>) iGF-t mWA in Iter tod 
tktlcti! tituuHc fwtn *b<Cp feu* delivered either befarr term {127-130 day*] 
titer S dayi of tnfuitdn uf inline (opeu column*, cnniml* *m$ tow cuniol 
vnttttt) ctr ctmM [pvy crhtmnu Z^mr/ie/day, Web wrtfud -wdocil or 
it {Ul>mU$ dayi) w'n\\ (tiueo tutumrm eon (roll hM, hlph cwiM vsluci) nr 
«Uhmir ndrertil ftjindk (bbek lUuuioi, ttdremUctmtibnl >H, tow rurpiu] 
tiituisd, *Sir«llwmt> dirtcrcnr from «luc In ihc op^UAU^ed cwtttpl SroMp 
/*<0.flS, tdsitlRianUy ilirTtactit bunt value In control fctira at IZ?*-UQ day*. 
^<0,U5. Dam from U ct *\ H 1991, 1WG, 2002, 



Increases in fetal plasma Cortisol also occur before term 
during adverse intrauterine conditions, such as hypoxemia 
and. undernutrition (Cliallis et al., 2001), Although these 
Increments tend to he smaller than those seen at term, tlicy 
may explain. In part, the changes in tissue fj*J7 gene expression 
obwrved during nutrient rcstrictldn (Table 3), The ability of 
glucocorticoids to suppress gene expression In certain fetal 
tissues lu also consistent with the observations that feud ICF-Il 
levers only (all close to term and during die severest types of 
growth retardation when fetal enrtiwl levels are high. Indeed, 
glucoconumloVdcpendcnr changes In Jif2 gene expression may 
oe the malor mechanism regulating TGF*It avanability In the 
fetus during late gestation. 



1GFBP regulation 

The bioavailability of the 1GP* is also alfectcd by the tissue 
cxpecetmii atid circulating concentration* of the IGFBPy 
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<M«* and Oemmons, 1995) and of the soluble form of the 
IGF-H receptor, which bind* up 40 per ctau of the IGF-1I in 
fetal oviuc plum* (Gallahcr ct al., 1994). At least six different 
iCFBPs luve been identified in fetal plasma and tissues, each 
of TVhleh has a unique partem of expression Clones and 
Ocmmons, 1995; Allan, Flint and frarcl, ZflOl). In rodents, 
ungulates, human* and non-human primates, the most preva- 
lent IGFBPs In fetal plasma and tissue arc the IGFBPs 1 to 1, 
ajthough their relative abundance varies both within and 
between species (Donovan et al., 19b9; 1,-cc, Chung and 
Slmmcn, 1993; Carr «i al., 1995; Kim! et ah. 1995; Tarantal 
and Gargeilry, 1SJ95; Owrin et ah, 1996). fetal expression of 
these TClTiPs is also tlsaue specific and devclopinentaUy 
regulated in most specie* studied [Donovan et al, 1989; 
Dclhanty and Han, 1993; i-ec, Chung and Slmmcn, 1993; Carr 
et al^ 1995; Tarantal and Gargwky, 1995). 

In sheep and humand, fetal bodywelght at term is positively 
correlated to plasma IGFBP-3, but inversely related to plasma 
1GPBM over the normal range of hirthweights (Carr cr nl„ 
1995; Kind et al., 199<l; ICaJintie et al. ? 2Q01>, When intra- 
uterine growth is retarded in human infants, plasma conccn- 
traiiona oflGFBlM and -2 arc elevated while ICFBP-3 levels 
are reduced compared to the values found In normally grown 
infants of the same gestational age (Usaarrc ct al,, 1991; 
Chard, 1994; Ong ct at, 2000). Similarly, hepatic expression 
and plasma levels of IGtTBp.l arc increased in growth retarded 
rat pups during late testation (Strauss ct al., 1991; PHce ct al„ 
1992). Transgenic ovcrvcxprcssion of tGFUP-t and -3 in mice 
also retards growth, both pre- and post-ruttally (Silha and 
Murphy, 2002). Changes in IGFBP expression, therefore, 
liavc an important role in modulating the growth^promoting 
actions of the TGFs, although identifying the m*eific 
effect* of each IGFBP Is difficult because of their functional 
redundancy (Allan, Flint and Pate), 200); Silha and Murphy, 
2002). 

During tare gcswuon, IGFBP expression in the fen* is 
affected by both the rmtritionaJ and endocrine conditions in 
utero, Generally, these conditions have mare pronounced 
elTectt on 1GFDP.I, -2 and -4 than 1GTOP-3. Tissue 
expression and plasma levels of IGFBIM are elevated In rat 
and sheep fetuses by fetal nutrient restriction induced by 
maternal dietary rcalriction. reduced uterine blood flow or by 
occlusion of the umbilical cord (Strauss et al„ 1991; Price 
et al. t 1992; Oaborn ei al. f 1992; Hooper et at, 199* Dcimct 
ctaL, 2001). Con*en*ly, increasing fetal giucoac levels Inwcrs 
hepatic expression and plasma IGFBP-l in fend sheep (Oshorn 
ct al., 1992). In contrast, Icvcla of the soluble form or the 
1GF-IJ type 2 receptor are lowered by fetal undernutrition and 
raised by fetal hypcrgljcaemia (Callalicr etal., 1994}. Specific 
fetal hypoxaemia Ins also been Shown to increase IGFBP-l 
levels in fetal ovine plasma (Itvaraoto et al. f 1992). Similarly, in 
human infants, IGFBP-l levels are higher in hypoxic than 
normoxic neonates at birth (Chard, 1994). The Increase In fetal 
IGFBP-l expression observed during adverse conditions may 
attenuate the growth-promoting clfects of the IGFa and, 
thereby, contribute to the decline in fetal growth rate found in 
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these drciunstancct. In contrast, the fall in the soluble form of 
the IGK-n type 2 receptor during fetal undernutrition may 
increase avallabiUty of plasma 1QF.U and promote tissue 
ul0ercnnarion, while maintaining a basal stimulus to fetal 
growth in Use face of law TGF-1 bioavailability. 

The nutritionally induced alterations in fetal IGFBP ex- 
pression may be due, In part* i» the concomittant changes in 
the fetal endocrine environment. In fetal ungulates, hepatic 
expression and plasma concentrations of IGFBP-l are reduced 
by insulin and increaaed by eatecltohmincs and thyroxine 
CLaiimcr cr al., 1993; Callahcr ct >1„ 1994; Hooper ct al., 
1994), Furthermore, since the omogenic changes in IGFBP 
expression closely parallel the normal prepamim rise in plasma 
Cortisol in the sheep fetus (Carr ct ol # 1995; Fowden, Li and 
Forhcad, 1998), glucocorticoids may also be involved in 
regulating IGFBP production In uieto as occurs in powitatal 
animals (Allan, Flint and Pate), 2001). Certainly, In human 
inCmts, antenatal glucocnrticoui treatment lowers plasma 
IGFBP.I and raises plasma IGPBP-3 concentrations at 
delivery (Kafrnbc et al, 2001), 

The effects of the ejucocorticoids on the IGF axis may 
provide a mechanism for the intrauterine programndng of 
adult disease. Human epidemiological observation and exper- 
imental studies on animals have shown that impaired intra- 
uterine development is associated with postnatal abnormalities 
in ordicrvascular and metabolic function, which, in human*, 
lead to an increased incidence of adult-onset degenerative 
dlicascs, such as coronary heart disease and Type IT diabeten 
(Barker, 2001; Bertram and lUnson, 20U1). Precocious elc* 
votions in feul plasma Cortisol induced by sup-optimal con* 
ditinns in uiero may cause a premature trunsiuon from 1GF-1T 
to 1GF-1 production with beneficial circcts on tissue diflTcTct*. 
ristlun should delivery occur before full term. However, 
if delivery is not stimulated prematurely, the cortisol-induccd 
switch from the fetal Id the adult mode nf somatotrophic 
regulation may lead to inappropriate changes in cell prolifer- 
ation and differentiation in utero with adverse sequelae both at 
birth and much later in life. 



CONCLUSIONS 

Both /r/ genes have important roles in felo-placental growth 
but their expression and specific actions differ, Their effects 
can also be amplified or attenuated by the IGFBPs. Although 
itP gene expression is low in the fetus, 1GF-1 appears to have 
a more prominent rola titan IGTMl in modulating cell prolifer- 
ation Ut relation to the apedfic endocrine and nutritional 
condition* prevailing in utero [Figure J). Tissue expression 
and circulating levels of IGF-1 are regulated by the nutrient 
supply und enhance the tiptalte and utilization of substrates by 
the fetal tissue©. Tlua anabolic effect or 1GK.T, particularly on 
ratal amino acid mctaboUsm leads to tissue accretion arid 
growth or the fetus (Figure 3). fetal IGF-I, therefore, stimu* 
late* feral growth when nutrients are available and, thereby, 
ensures that the fetal gtowth rate is commensurate with the 
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nutrient ropply, Ti> pqn, Uic anion* dCICF-I on imuc pjowth 
may be mediated by changes in other crowth rqMhtDry fetal 
hormones (Figure 3). feial IGF-1 has also Been shown to 
modify placental nutrient utilization and transfer but appears 
to 1iavc rdativcly little elFco on placental the (Kipum 3), The 
gene, on the other hand, U highly tuprewed in utcro and 
hat a mn|or role m placental growth and nutrient transfer 
(Figure 3). Tr appears to provide the constitutive drive for 
intrauterine growth via both its placental effects and direct 
paracrine action* in the fcntl Tissues, Compared to Uic 
Itft gene is relatively \mrcsponsivc to nutrltiunal stimuli. 
However, in specific fetal llsaucs, ir does respond to chances in 
the fend glucocorticoid concentration (Fi&urc 3), fetal 
may, therefor^ be responsible for the developmental and tissue 
epedfic Lbanjtes in cell differentiation that occur in key lissucs 
dose to term and during adverse intrauterine conditions vhen 
fetal Cortisol levels urc high. 
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The placenta trna*patt* Duhatnrtcu and wn*Us# botwocn tho 
THAtsmnl nnd fetal circulations. In mlco, plueonta) ICF-lt If) 
omujntlnl for normal placental development and function but, 
in other mammalian ©iiocice* maternal circulating IGF»H In 
tiubtitanfclal and majr contribute. Maternal elreulatlnj* IGFp 
Incroaae in early pregnancy* and early treatment of giunQa 
pigtf with Qither ICF-i or 1GF-H lacrcoscs placental and fatal 
\i*eighta by roid»g citation* We now show that Lhcwc effects per* 
oitit to enhance placental development and fetal growth and 
survival near term, Pregnant guinoa pigs were Infused with 
XGF-U iCJF-n (both 1 mgfkg-d), or vehicle *c from d 20-38 of 
pregnancy and killed on d 02 (term ° GB d), ICTP-U, but not 
IGF«I» increased the mid-sagittal urea and volume of placenta 
devoted to exchange by approximately 30%, the total velum n 
of trophobl nut and maternal b loorf spaces within the placental 



THE PLACENTA IS a multi functional organ that form* 
the interface between the fetal and maternal circula- 
tions. It is essential for fetal growth as it supplies the devel- 
oping fetus with oxygen and nutrients, transporting them 
from theinothcr into the umbilical drculfttioru Abnormal! ties 
in placental structural development can impair placental 
function, reducing substrate supply to the fetus, and may 
result In Intrauterine growth retJferictian CM. It is estimated 
that placenta] dysfunction accounts for 7Q°80% of growth** 
restricted newborns (2), currcnUy affecting 6% of pregnan- 
cies In developed coiantries (3) and up to 40% In developing 
countries (4). Intrauterine growth restriction is associated 
with perinatal morbidity and mortality (5, 6) and increases 
fclie risk of poor health In childhood and adult life (7), In 
addition, impaired placental trophoblast Invasion of the ma» 
temal uterine vasculature and /or poor placental fu nctlon are 
implicated in other major pregnancy complications, such as 
miscarriage (8), preeclampsia (1), placental abruption (9), 
and preterm labor (1 0, 1 1 ). Therefore, it Is imperative that we 
understand the factors essential for regulating placental 
functional development to identify causes of such diseases 
and as a basis for the development of therapeutic*. 

The 1GF-T and -IT have been implicated in placental 3 true 
tural and functional development* Igfl overcxpression in 
mice causes placental and fetal overgrowth (12), whereas Jg/2 
gene deletion reduces placental weight by 17% on d 13 £ and 
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exchange region and respectively), nnd the total 

surface area of pluccnta Tor exchange by utHfc. Both ICFs re- 
duced resorptions, and XGF-H Increased the number of viable 
fetuMffi by 26%. Both IGF a Increased fetal height by 11-17% 
and fetal circulating amino ucld concentration*, IGF-I, but not 
IGF-Il, reduced maternal odlpodo depot weight* by approxi- 
mately note. In conclusion, Inercadcd maternal X6F»II abun- 
dance in early pregnancy promoted fetal grov/th und viability 
near term by inereaainc; placental structural and functional 
capacity, wh creep 1CF-X, appears to divert nulrlcnta JQeom the 
mother to the conceptual. This micjseota major and comple- 
mentary rulc# in placental and fetal growth for Increased eir» 
cutntlngTGFo In curly to mld-pre^nanc>% (Endnttrinnlnffy 147: 
iUUU-33KZ t 20QG) 



25% on d 15.5 of gestation, with a fetal weight reduction of 
40% from d.165 (term = 19 d) (13, U). In addition, placental 
amino acid transporter expression is altered by ig/2 defi« 
dency In mice (15). Ablation of the placcntal-specllk Jgf2 
promoter (P0) In mice reduces placental weight and ad- 
versely affects placental structural differentiation and trans- 
port capacity, with reduced fetal weight evident 2 d later (16, 
17), The latter reduction in fetal weight was comparable to 
thatinduced by global lgf2 gene ablation, suggesting that the 
effects of !g)2 deficiency on fetal growth arc mediated by 
actions on the placenta in mice. 

In contrast, Jgfl gene ablation in mice does not alter pla- 
cental weight but reduces fetal weight, Indicating that 1GH 
is Important in the fetus (14, 18). IGF-T may modulate pla« 
cental nutrient capacity because 1GF4 administration to 
pregnant rate, or increased endogenous expression In preg- 
nant mice, increases the weight of the fetus butnot thatof the 
placenta (19). 1GF»I stimulates glucose and amino acid up- 
take in cultured human placental trophoblasts (20-22) and 
promotes placental nutrient uptake and metabolism when 
infused into fetal sheep (23-25), Moreover, exposure to 1GF-I 
inhibits release of vasoconstrictors, such as thromboxane B2 
and prostaglandin F2 or, in human term placental cxplanls 
(26), which may increase placental blood flow and delivery 
of nutrients for the growth of the fetus. 

The placenta is exposed to IGfi* from multiple sources, 
including those produced locally and those circulating 
within the fetus and mother, Maternally derived IGFs may 
have a major influence on placental development, particu- 
larly in women and in guinea pigs where circulattnglGrfi arc 
substantial (27, 28). Indeed, thcIGFaxIs In guinea pigs is very 
similar to that of humans (29), whereas rats and mice do not 
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have circulating 1GF-II postnatally. The placenta In guinea 
pigs Is more similar lo thchuman placenta than that of other 
nonprfannte species being hemomonoehorlal, although It Is 
labyrinthine rather than villous In structure. The guinea pig 
placenta is comprised of a labyrinth, which contains both 
fetal capillaries and maternal blood sinuses and provides the 
means for exchange between die two circulations and on 
intcrlobium lhat Is comprised of syncytiotrophoblast and 
maternal blood sinuses, and is the site where much of the 
metabolic activity of the placenta is thought to occur (3D). Tn 
the human placenta, exchange and endocrine functions are 
performed In the placental villi (31). In addition, placental 
trophoblast cells in guinea pigs are highly Invasive and, like 
those in humans, engage in interstitial and cndovascular 
Invasion of the deddua. They remodel the uterine spiral 
arterioles to permit the large increase in blood flow to the 
placenta (32, 33) that Is essential for placental growth and 
subsequent function and therefore fetal growth. 

In the guinea pig, major structural determinants of pla- 
cental function are strongly predicted by maternal IGIMI 
concentration in mid-pregnancy and by maternal IGF°I in 
late pregnancy (34, 35). Furthermore, in this species, food 
restriction reduces maternal plasma 1GP concentrations (36) 
that correlate with delayed structural and functional matu- 
ration of tlie placenta and with reduced fetal growth (34, 35/ 
37). The structural defects in the placenta of food-restricted 
guinea pigs arc similar to those seen in placentas from 
women with preeclampsia (34), Tn addition, reduced mater* 
nal plasma TCF-T in pregnant women is associated with pla- 
cental dysfunction and small-for-gcstatlonal-age (38, 39) or 
gitnvth-rcstrlcted infants (40). 

Consistent with these adaptive changes In maternal lGEs 
regulating placental development, maternal supplementa- 
tion with or TCF-lT In early to mld«pxegnnncy in the 
guinea pig increases placental and fetal wdghtsby mid ges- 
tation (41), Therefore, we suggest that the increased maternal 
production of both IGF* In early pregnancy Is an Important 
adaptation to pregnancy, which promotes placental func- 
tional development and Consequently fetal growth. Whether 
anabolic effects of an increased abundance of maternal TCFs 
in early pregnancy on the placenta would persist into late 
gestation and affect the fetus Is currently unknown. There- 
fore, the aim of this study was to detennine the effects of 
maternal IGP-l and -11 supplementation in early lo mid- 
pregnancy on placental development and fetal growth and 
viability near term* 

Materials and Mcthodp 

Animals 

ThJjt atudy was approved by Ihe University of Adelaide, Animal 
Ethics Committee. Virgin guinea pigs (JMVS colored strain, approxi- 
mately 500 g, 3-4 month* old) wore housed Individually In I he Unt* 
verslty of Adelaide Medical School Animal House. Guinea pigs wen? 
provided with rood and witter m/ libitum. Female* worts examined dally 
for outrun Indicated by a ruptured vaginal membrane (complete cstrous 
cyde lasts oppwimstely t$d)and mated naturally wllh a male. The day 
a copulatury plug won observed wo* designated as d 1 of pregnancy. 
Prom 2 wk before muting, body weight wan monitored three 1 1 men 
weekly. Females wlmv assigned to three groups of similar moan weight 
et mating. 

On d 20 of pregnancy (term 69-70 d), females were oncsthctked with 
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tttrupme sulfate (Q.Q5 mg/kg, sc Apex Laboratories, Sydney, Auslrullii), 
jtykednc hydrochloride (4 mg/kp> Imj Troy Laboratories, Sydney, Aus- 
tralia), kelamine hydrochloride 125 mg/kg, ipj Troy Laboratories) and 
administered local analgesia with Ue^ccoinc hydrochloride (Troy Lab* 
oratories)* A 2(10»pJ mint osmotic pump (Abet 2002; Al*et San Fran* 
cfoavCA) was surgically Inserted sc Mlnipumps had previously been 
prepared to deliver vehicle (0.1 m acetic add} (n - 7) or 1 mj^l^dfjOIMI 
(n o 7) or IGM (n a 9) (human recombinant protein; GroTcp Tty. LhL. 
Adelaide* Australia) for 18 d at a flow mie of 0.51 pj/h. 

On d 62 of pregnancy, guinea pips were killed by overdose of sodium 
pentobarbitone (Uthobarbj Vlrbac, Sydney, Ausiralln). Viable and 
rcsurbmg implantation sites were cnunted and the uterus and lb con* 
l en Is, viable fetuses, and placentae were weighed. Fetal bl parietal dl- 
a meter, abd ornlnnl ckcumfcrence, and crown«to»rump length were 1 nea* 
sured. A 3-mm mid-sagittal placental slice was toted In 4% 
paraformaldehyd e for si ruciural analysis. Analyses of body composition 
ware performed on the mollttrsandallferuscs tadcrermine the absolute 
and relative weights of adrenals, kidneys, pancreas, liver, Spleen, heart, 
brain, lung*, gastrointestinal tract, reproductive bract, bleeps, triceps, 
gastrocnemius and snleus muscle? and retroperitoneal, palrenal, and 
mrewcapular adlpono tissues. Skin and carcass weights of the dams and 
curcuss weight at the fatuse* wens also recorded. 

Mnamwement of maternal circulating IGF* /, IGfaH $ and 
IGF binding protein* (IGFBPh) 

tn an additional cohort of guinea pigs (vehicle, n « 5; TGfM, n - 5; 
IGMI. n - mothers were killed on d 35 of pregnancy, while the 
mlnipumps were still active by overdose of sodium pentobarbitone. 
Maternal blood was collected by cardiac puncture and centHfuged at 
2500 rpm for 1 5 m In at 4 C then plasma was recovered and stored at -20 
C* . . 

Fksma ICR and IGF*U proteins were dissociated from their binding 
proteins GGFSH 3 *) by rtlxe exclusion high pressure liquid chromatogra- 
phy performed at pW 25, as previously described (42, 43). Frum each 
acidified plasma sample, four fractions wore edited from the column, 
and fraction 1. which contained only iGFUPa, and fraction 3, which 
contained only the IGFs. were culleeted for later analysis. The IGF 
fraction 3 was analysed by specific IUAs for IGF-I and IGMl concen* 
tradonu as previously described (42. 44). 

Recombmont human !GlM and IGrMI (GroPcp Fty, Ud.) were Med 
as standards and for preparation of radiolabeled Ugonds, JCF»1 was 
measured by WA using rabbit antlhuman IGW (MAC Ab 89/1; GroFep 
Pty. Ud.) ata final dilution of 1 /60»000 and a monoclonal mouse antlrat 
IGM antibody (kind gift from Or. K. Nishlkawa, Kanaka Medical Uni- 
versity, bhakiiwn. Japan) was used at a final concentration of 1 /500 to 
measure IG1M1 by KIA, Cruss-reactlvity of IGF*U in the 1GF-1 WA was 
less Hum 1% (44) and that of IOM in melCF-B KJA wan less than 25% 
(43), Uoth IGP»1 and ICt^TJ amino add sequences ore remarkably eon* 
fiarved across species. Guinea pig ICIVIundlCF-Uhave prevlouflly been 
shown to have lOOtfe amino add sequence Identity tu tfto»e of human (46, 
47), wheroan guinea pig IGf^tl lias only one amino ucid cUffercnt to mat 
of the rat (48), Wo have previously reported that the recoveries of lGP-f 
and 1GF-H arc mare than 95% for these assays (28). The minimal de- 
lectable concentrations of ICF-I and 1GF-U were f*M and 9.48 ng/mi 
raflpeclrvely. The siunples were onolyxed in a wlngle WA, where Ihe 
mean Inlrnossay coefficients of variation were 3^ and 5,6% for IGNand 
iGP-ll RlAs, respectively. 

The total IGF UP binding capacity in the mate rnal circulation was 
indirectly measured as the Interference of thelGFBTs in fraction 1 In the 
JGF-T WA, as previously described (42), The ratio uf IGPs to IGFUPs 
provided an index of IGF bioavailability In the maternal circulation. 

Placental histology 

Midfuglllal slices of placentae that had been Axed In 4% para for* 
moidehyde overnight were washed In 1% PB5# dehydrated/ and em° 
bedded in paraffin wax, then S-»m sections were stained with Mosson's 
Tdchrome (49), Prom each dam, one to throe placentae were amdomly 
selected fur histological assessment; The croAS«*ecttonat areas of (he 
placental Inlerlobtum (carminative region) and labyrinth (e«chfttie^ re- 
gion) were measured tn complete mid-sagittal sections using an Olyrn* 
pus UH-2 microscope wllli x2ob|ectiveond ocular lenses and video 
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uroi^c unal y*Js so ftwure (Vldctirrojicaditt^Bdgc Adelaide, Australia). 
Hie proportion (pcrtcnhij^c) of each region in the pluccnta wu* then 
estimated by dividing the crot»*soclional area of that region by Ihc tolal 
mld-saglttal CTnftfwiectlnnal area of the placenta. An estimate of the 
volume of tec region* ww then calculated by multiplying their pro- 
portion by total placental wdjjht 

Structure of the placental exchange region (labyrinth) 

To distinguish cell types within Ihe placental labyrinth, tnld*saglUat 
sections of placenta were double-labeled with mouse antibodies to hu- 
man vlmsntln (3U4; Oako, Glostrup, Denmark) and human pan cyto* 
keratin Sigma, Sydney, AtW trails) to Identify fetal capillaries and 

trophoblaHt, mtfHjctivnly, and then utalnod with enHlrt tn aid thn lden-> 
tiflcation of maternal blood Apace*. ThU employed a triple layer tech* 
nlciuc for each antibody, per for med ju^entuOly. Section* were depar- 
iumked «tnd brought to water, For antigen retrieval nccdon* were 
Incubated a I 37 C lor 15 min in 0.03% proteinic (Sigma). Endogenous 
peroxidase activity was quenched by incubating with 3% hydrogen 
peroxide In water for30mm»5ectlnns were then washed In three changes 
of PUS for 5 mln each and blocked for nonspecific binding wJ I h serum* 
free protein block (Dofco) for 1U min without washing. 3U4 antibody 
diluted lififl with 10% normal guinea pjgwirum and 1% USA wwi applied 
fimt and incubated overnight in a humidified chamber at room trnn- 
pcniture. Section* were washed ay above, and biutinylatcd goat ontl- 
mousc IgC scconda ry antibody (thitco) wit* applied for 30 mln. followed 
by washing. Slreptavldln conjugated to horserailbh^nujddi^ (Ruck- 
land Immunochemical*!, Potlslown, PA) was applied for 40 mln, then 
seetlnns were washed as above. 3IW binding was vlsualtoed by Incu- 
bating with dlamlnobereddlne with 2% ammonium nkket (II) sulfate 
(Sigma) to form a black precipitate. The process was then repealed for 
the uccuad primary antibody (C2562) diluted 150 with PUS, !□% nprmal 
guinea pig serum, and 1% USA. but nickel wn* omitted from the chrc* 
magen, leaving a brown precipitate. Negative control* used Irrelevant 
mouse IgG In place of Ihc primary antibodies or the primary antibody 
diluent on It* own, 

The placental labyrinth was then morphnmotrteally analysed, as pre* 
viously described (34). Briefly, the proportions (volume density) and 
volumes of the labyrinthine placental components were quantified by 
point counting on 10 nonoverlapping fluid* with random ityMtematic 
sampling using an Olympus UH-2 microscope with X20 objective and 
X33 ocular lenses. The weight of each component was estimated by 
multiplying the volume density by the weight of the placental labyrinth. 
The surface area per gram of placental labyrinth was quuntitatcu using 
Intercept counting and the loud surface area of syncytiotrophobUist for 
exchange and arithmetic mean brophoblust thickness (the layer through 
which substrate exchange occurs) were calculated as previously dc» 
flCrtbed CM). 

Protein localisation of IGF receptors in the placenta on d 35 
of pregnancy 

To determine that thn placenta cwpressnd the type 1 and Z ICP ro» 
eoptnrs at the time of treatment we localised them In placental sections 
from the cohort of guinea pigs that were killed on d 35 of pregnancy In 
which circulating IGPs had been quantified. Mid-sagittal slice* of pta> 
centae were immuno»labeled with rabbit antibodies raised against hu» 
man ICF1R (N-20, diluted 1O0; Santa Cnu Dwteehnology, Santa Cnu, 
CA) and (a kind gift from Or. Carolyn Scott, KolEng Institute of 
Medical Research, Sydney, Australia; dfluled 1:100). This employed u 
triple layer technique for each antibody performed on serial placental 
sections, as described above. Negative controls used Irrelevant mouse 
IgC In place of the primary antibodies or the primary antibody diluent 
on it* own, 

Plasma metabolite and hormone concentrations 

Maternal and fetal plasma glucose (glucose HK assay kit; Roche 
Diagnostics, Mannheim, Germany), f ree»fatty acids (WAKO Ncfa C free 
fatty add kit; NovoChem, Nieuwegnln, The Netherlands), cholesterol 
(cholcmtetol CWOI>PAP assay kit; Uoche Diagnostics), and triglycerides 
(triglycerides assny kit; Roche Diagnostics) wqtq quantified with enxy» 
nuttic assiiy kits using u CODAS Mlra automated centrifugal analyser 
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(Roche Diagnostics). Maternal and fetal pUwma osimuto nitrogen eun- 
cuntrutions were determined using the p-naphthocjuinonc sulfonate cot- 
orlmolrk assay as previously described (50). Maternal plasma estradiol 
(Ultra-Sensitive Estradiol; Diagnostic 5ystems U bom lories, Houston, 
"IX) and progesterone concentration* (progesterone assay kit; Diagnostic 
Systems Laboratories) were quantified with WA kits. 

Statistic* 

To assess differences In fetal weight distribution between treatments, 
^ tests were performed using Microsoft Excel. All olher data were 
analysed uslngSPSS version 13 (SPSS, Chicago, IU To assess differences 
In maternal weight gain, repented measured A NOVA wMh Bonferronl 
fmt foe twits were performed. To assess differences In maternal body 
composition, general linear model univariate AN OVA wUh Dnnferronl 
pest hue tests were performed. To assess differences in fetal band pla- 
cental parameters, linear ml*i*i model repeated measures AN OVA with 
Sonfcrrani jwr hoc tests were performed with the mother its a subject and 
the fetus or placenta as therepeuted measure. The number of viable pups 
per It tier were used as a covn riale when required. Onto a re expressed a* 
mean - s«w or estimated mnrgtnal mean X sttm as required. Data were 
considered statistically significant when P < 0,05. 

Results 

Exogenous maternal IGF treatment increases maternal 
plaMma IGF*/ and 1GF*U 

To determine Ihe concentration ofTGFs we achieved in the 
maternnl circulation in response to this treatment, an addi- 
tional cohort of guinea pigs was killed on d 35 of pregnancy, 
while the mlnipumps were still active. Exogenous 1GF4 iiv 
crcajted maternal plasma IGF-I by 340% (P » D.001) and 
reduced that of IG^il by 45% (P a 0.G08; Rg. 1), Exogenous 
1GF-E did not alter plaama IGF-I conccntratlontt but in- 
creased plnsmo lGF°Hby24a%(P a 0.004;Hg.l), In addition, 
tlie total apparent tGFBP activity In maternal plasma was not 
altered by exogenous 1GE Mat ernal IGF»I treatment in- 
creased the ratio of TOM to TGFBPs In plasma by 230% (P a 
O.Q04), whereas IGIvH increased the ratio of IGMI to TGFBPs 
in plasma by 125% CP ° 0.04; Fig. 1)* 

IGF receptor proteins arc expressed by tltc guinea pig 
placenta during the treatment 

To establish that IGF1R and IGF2R are expressed by die 
guinea pig placenta during the TCP treatment, Immunola^ 
beling was performed on guinea pigplacenta recovered from 
vehiclc-lrcatcd mothers killed on d 35 of pregnancy (fig. 2). 
!GFlRandIGF2R were ubiquitously expressed by the guinea 
pig placenta, with profuse cytoplasmic strdning observed In 
tcophoblast and fetal endothelium of the labyrinth and tro- 
phoblnst of the interlobiunt CFlg* 2, A and Q, Both IGF 
receptor proteins were concentrated on the apical surface of 
trophoblost within large maternal blood sinusoids and 
within maternal blood, spaces (Fig. 1 B and D). 

Exogenous maternal IGF*U. but not IGF-I, cnlmnccs 
development oftfic placental exchange region (labyrinth) 

IGF treatment In early to mid-pregnancy did not alter 
placental weight in late gestation (Table 1). However, there 
wasa 17% difference in placental weight between IGF*I- and 
IGF-n-trcatcd mothers (P » 0X39). Exogenous TGLMi in° 
creased placental labyrinthine cross-sectional area by 28% 
(P = 0,005) but not that of the intcrloblum (Fig. 3, A< f and 
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Pia. 1 . The effect of exoaenmj a muicmul da maternal drcukt* 
Itic JOF*T, IQP-1I (AJ, and total iGFBP CB) concept-rut lnn» uadblo* 
avnilnhlUty of IGFs In the circulation IcdicuUd by tOP to I6FBP 
r txtia* (C) during trnatmont on d 35 orprcsnancy, Data ore tmm tixnxi 
to not mother** pot trtjftCmonfc. nnd values arc expressed an mcatm 2: 
BKM, ilf^c^An donate it ntnttodaUly djmlflcrrot; dlfliwtmeo compared 
with Lbo vuhido tfttmp, P < 0.034, 

Tabic 1). The ratio of labyrinth to interlobium waa increased 
by 1GF-E (+37%, P * 0.0S4). TGF-TT Increased Hie proportion 
of thcplaccnta comprised of labyrinth (+9%,P » 0,0003) and 
reduced that composed of Ine interlobium (-24%, P « 
0.0003) (Table 1)* 1GM1 abo increased the volume of pla- 
cental labyrinth (-1-28%, P = 0.027) but did not alter that of 
the Interlobium (Table 1). Maternal 1GF-I treatment did not 
alter any placental parameter (Table 1). 

To examine placental labyrinthine development in re- 
sponse to earlier maternal I&Fs In more detail, structural 
correlates of placental function were quantified, Maternal 



BmlncfimiJirfly.JulyUDDO, U?{T7UJ344-33fifi 2347 

TCP treatment did not alter the proportions of the placental 
labyrinth composed of trophoblast, maternal blood spaces, 
or fetal capillaries (Fig, 4A). IGMt increased the volume of 
trophoblast (+29%, P *= 0.015) and that of maternal blood 
spaces (+46%, P ■ 0.035) within the placental labyrin th (Fig. 
4B), The total surface area of trophoblast functioning in ex- 
change was also increased by IGF-H (+39%, P = 0,037, Fig. 
4Q« There was no effect of IGF treatment on syncytio tro- 
phoblast barrier thickness (vehicle, 4.7 ± 0.2 /un; TCF-T, 4.8 ± 
0.2 am; TCtMI, 4.4 ± 0.2 uml Maternal IGM treatment did 
not affect any placental labyrinthine structural parameter 
measured. 

Exogenous maternal JGFh incrta&c fatal survival 

Maternal 1GP treatment did not affect total litter size (Tabic 
2). However, the number of resorptions was reduced by 
TC1M (-77%, P - 0.009) and IGF-H (-60%, P = 0.01). while 
IGF-TTalso Increased the number of viable ietuses(+25%,P = 
0.O34) near term (Table 2). Maternal IGFs did not alter the 
ratio of females to males (Table 2). 

Exogenous maternal JGFh incmnne fetal growth with tCF- 
mpecific effect* on fetal body composition 

Maternal IGF«I and TGF-TT treatment In early to xnid-preg* 
nancy Increased fetal weight near term by 17% (P = 0.002) 
and 11% (P =* 0.042), respectively (Table 3). Both maternal 
IGF treatments significantly skewed the fetal weight distri* 
bution to the right (bom P < 0.0005; Fig. 5A). The percentage 
of fetuses heavier than 81 g was 5% in controls, 37% I n IGI^L 
and 19% In IGMT- treated animals (Fig. 5A). 1GF-1 treatment 
increased fetal crown-to-rump length by 9% (P = 0.014), as 
well as abdominal circumference by 10% (P - 0.05). tGF-T 
increased the fetal weight to placental weight ratio by 29% 
(vehicle, 14.82 ± 0.86; LGF-L 19.14 ± 0,73; IGF-H, 16.18 ± 0.65; 
P < 0.01). Fetal weight correlated positively with placental 
weight across all treatments (r ■ 0.27,P » 0.026) and within 
each of the IGF-I and IGF-Xl treatment groups (r - 0,44, P m 
0.042 and r ■ 0.40.P - 0.D38, respectively) but not In vehicle- 
treated dams alone (Fig. 50). Overall, fetal weight correlated 
positively with both the mid-sagittal cross-sectional area and 
me estimated total volume of the placental labyrinth (r * 
058, P a 0.009 and r ■ 0.43, P » 0.0D6, respectively), as well 
as the volume of trophoblast and fetal capillaries in the pla- 
cental labyrinth (r » 034, P => 0.034 and r = 0.62, P < 0.GQ1, 
respectively). 

Maternal 1GF-I treatment increased fetal carcass weight 
(+19%, P = 0.002), increased the combined weights of fetal 
kidneys (+20%, P - 0.028), caecum (+24%, P = 0.027), total 
gastrointestinal tract (+133%, P » 0.049), and the combined 
fetal fatdepots (+16%,P - 0,028) (Table 3). Conversely, IGP-l 
reduced the fractional weights of the fetal spleen (-24%, P = 
0.001), liver (-1X5%, P » aQ02), and brain (-185%, P ■ 
0.004) (Table 3). Both IGF-l and IGF-U increased the weights 
of the fetal retroperitoneal fat (-1-24%, P - 0.004; +18%, P " 
0.031, respectively) and combined fetal muscle mass (+22%, 
P « 0.008; +19%, p « aD24, respectively; Table 3). TGM and 
IGF-TT also Increased the fetal triceps absolute (+29%, P » 
0.001; +24%, p « 0.01, respectively) and relative weights 
(both +16%, P < 0.03, Table 3). Body composition of male 
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Tiwo aatuHah indicate maternal blood 
Mnofloidft and tingte asterisks Indicate 
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pm CA, C, and E) and 40 pro (B, D, and 
FX 




and female fetuses was similar and was similarly affected by 
maternal IGF treatment (data not shown)* 

ExagttuittM maternal IGFs increase concentration* of amino 
acids in Uxe fetal circulation 

Maternal TG1M and TCF-TT. treatment increased fetal dro> 
lating amino add concentrations (+196%, P » 0,026 and 
-1-137%, P = 0,029, respectively) and maternal iCB-i reduced 
fetal drculatingcholestewl concentrations (— 30%, P « 0.049) 
near term (Fig. 6A). 'ttu>re was no effect of treatment on fetal 
plasma glucose, triglyceride or free fatty add concentrations 
(Ng. 6A), 

Exogenous maternal IGF-I t but not IGF-JI, alter* maternal 
body composition 

Weight gain and body composition analyse* were per- 
formed to determine whether exogenous 1GB affected the 
mother. Bath exogenous tnatemal lGF»t and IGF-E did not 
al ter maternal weigh t ga I n d u rl ng or a ftcr I GF treatment (Fig. 
7), not total body and lean body mast* near term (Table 4), 
TCF-T reduced maternal interscapular fat depot weight 
(-25%, P ■ 0.028) and the fractional weights of the perirenal 
(-32%, P = 0.05), retroperitoneal (-33%, P « 0.037), and 



interscapular fat (-28%, P « 0.01; Table 4). TCM reduced the 
absolute and fractional weights of the combined adipose 
depot weights in die mother by approximately 30%, (P = 
0.036 and P « 0.007, respectively). IGMl did not alter the 
absolute or relative weights of any maternal organ or tissue 
examined. 

Exogenous maternal IGF treatment does not oiler maternal 
circulating metabolite crmcentratiomt 

Maternal IGF treatment did not alter circulating concen- 
trations of glucose, free fatty acids, amino adds, triglycer- 
ides, or cholesterol in the mother near term (Fig, fiB). 

ExageuouH maternal IGF treatment and maternal 
circulating hormone concentrations 

To determine whether treatment of the mother during 
early to mid-pregnancy with IGFs altered maternal drculat- 
ing estradiol (Fig. 7Q and progesterone (Fig. 7D), their con- 
centrations were determined on d 35 of pregnancy In Ihc 
additional cohort of guinea pigs In which the plasma IGF and 
1GFI3P concentrations were determined as described above. 
Treating the mother during early to mid-pregnancy with 
1GF4 doubled circulating maternal estradiol concentrations 
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TABXJE 1. Kffoct of maternal IGF treatment on placental 
jitructurfl nonr wnn 



Vnhlclo 



1G1M 



Plnetmtnl ttfalpht Cg) 
CraiuHtotf tltrnal urau 

iubyriath (mm 3 ) 

CruikwmcfciomU area 36.0 r iU* 

liUcrlubium (mm 3 ) 

tabyrlntiulnturlubiton 3,10 z 0.43 

rVoportlon 70,6 s 1,2* 

labyrinth TO 

Proportion 26,4 ± 1.2" 

fcttortobtam WW 

Voltaau Iubyriath s Q^IC P 

(cm") 

Vntumo Intorloblum t2X 2: 0.09 

(cm*) 



4.03 2; 0.29*-* 4.11 ±0.24* * 0.32* 

DBJJta^ 112^ .!: 8.9" 126.6 ± B2 b 



32.8 J. 43 00.4 ± 2.6 

3.80 X 0.44 4.23 ± 0,36 

77J1 S 1.1** BDJiSLl* 

22.4 s UMS&M* 

3.28 ± 0.23" 4.26 ± 0^0> 

0.BG S 0.0P 1.03 S 0.08 



Data nrc cmprcssed an mean s not from Hovon tn nino dams par 
truatmotit vrtih one to three placentae ntndnmly tmloctad far htato* 
rowiryriu. 

Diffkrtttlt aupArxcriptft denote difference* buLvymm uraut# ( a ito b> 
P< 0.039. 

In bio pregnancy, although this was not quite significant 
(P ° O078), IGF-I treatment did not alter mid or late preg- 
nancy circulating progesterone concentrations. Exogenous 
material tGF-U during early to mld«pregnoncy increased 
circulating cstrndioi coticenbatianft (+150%) In mld-preg» 
nancy and progesterone concentrations In mid (+53%) and 
tatc (+83%) pregnancy in the mother; however, these also 
did not reach statistical significance (P > 0»0B) (Fig. 7, C and 
D). 

^Discussion 

The present study demonstrates for the First time thnt 
administration of TCF-Tf to the mother in early to mid-preg- 
nancy Increases placental structural and functional copndty 



Fia 3. Tftf? affect of Dxosenoud tnuicf- 
nul 101* ttvntraimt an placental struc- 
Lunt. &tmru*mtfttivQ mid-sagittal sec- 
dona of nuuMcrm placentae atabiod 
wlLh MiusamV Trlchram o ta dlfltrnguiBh 
labyrinth and iaterloblum layer* from 
mothers tiuiL Iwd been, treated with ve- 
hide (A\ iOF-i IB), er I0F«n (C) dnrtou 
nnrly to to Idtpreffnancy. L, tiibyrlath; U 
Intorlnblum. Scuta aoni, 400 pm* O, 
IbtprutJimtativc mid-sagittal tsocilun of 
aeur-torm placenta double-labeled ami 
eaultt Mtutaud to reveal structural com- 
pummta at tbo placental labyrinth. In- 
cluding fcml tfophablAftt {thin arraw\ 
maternal bluad trpacon foflMrWto), and 
fetal capillaries {bmad arrvwv). Scale 
fear, 40 jim. 



by increasing the volume and surface area of the exchange 
region of the placenta nca r term, whereas 1GF4 has no effect 
on the placenta, IGB*T, In contrast reduced maternal adipos* 
Ity late in pregnancy, whereas IGF-TT did not affect maternal 
body compositeur importantly, however, maternal treat- 
ment with either IGF in early to mid-prcgna ncy substantially . 
reduced fetal resorptions. Increased fetal weight, and in- 
creased fetal drculating amino add concentrations near 
term* Furthermore, administration of TGF-TT also increased 
febl viability in late pregnancy. This suggests that maternal 
IGF abundance, particularly that oflGF-U, during the period 
of early placental growth and development may determine 
in part the margin of safety between placental capacity to 
deliver, and fetal demand for. substrates throughout 
pregnancy* 

Specifically, In the current study, administration of 1 rog/ 
kg*d IGFs increased the abundance of maternal circulating 
JG1MI and 1GF°1 by 2S- to 3.4-fold, during early to mid- 
pregnancy. The concentration of free TCP to ICPBF ratio in 
the maternal plasma, and hence bioavalbblc TCP, was also 
substantially Increased. Similar IGF treatment of guinea pigs 
duringcarly to mid-pregnancy increased placental wdghtat 
mid-gestatlon (41), which was not sustained to near term In 
the current study. Importantly, however, the functional a- 
padty of the placenta, as Indicated by the mid-sagi ttnl cross- 
sectional area, proportion and volume of the region devoted 
to exchange (labyrinth) were Increased late In gestation, by 
prior maternal 1GF4I treatment Furthermore, although the 
composition of this exchange region of the placenta was 
unaltered by carliermalernailGF treatment, the total volume 
of trophoblast and maternal blood spaces, as well as the total 
surface area of placenta functioning m exchange were U*» 
creased by TGF-TT. As the labyrinth expands at the expense of 
theintcrloblum In the second half of pregnancy in the guinea 
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pig (30, 34, 51), together these changes in the structure of the 
placenta as a result of earlier exogenous maternal IGF-TT are 
suggestive of a more mature ptacon to and would be expected 
to Increase placental transport capacity. In contrast, maternal 
exogenous IGF-I had no effect on placental structural 
development 

Rapid placenta! structural differentiation and growth oc- 
curs In early to mid gestation in all cuthcrian mammals. In 
humans and guinea pigs, trophoblasts invade deep within 
the uterus and its arterioles, extensively remodeling them, to 
permit increased maternal blood flow to the placenta (32,52, 
53). This ensures delivery of oxygen and nutrients to the 
placenta, and subsequently to the fetus. The sustained effects 
of maternal iGJMi supplementation In early to mid-preg- 
nancy on the placenta reported here are the converse of those 
observed after spedflc deletion of TGF-TT wl thin the placenta, 
IGF-U Is abundantly expressed by invasive trophoblasts of 
human (54), mouse (55), rat (56), and guinea pig placenta (57), 
Ablation of placenta-specific !$f2 gene expression (P0 tran- 
script) in mice reduced the surface area for exchange, in- 
creased the exchange barrier thickness and also Impaired 
nutrient transport capacity of the placenta (16, 17). 

Reduced maternal circulating 1GF-H in mid-pregnancy, as 
a result of undernutrition In guinea pigs (36), is associated 
with similar consequences to those of placental (g/2 gene 
deletion (17), with a delay and Impairment in the functional 
maturation of the placenta and with reduced fetal growth in 
both mid and late gestation (37), Together these findings 
indicate that maternal circulating TCF-ll may act in an en* 
docrine fashion to modulate placental development. In ad- 
dition to any autocrine/paracrine effects of locally produced 
1QML We suggest that exposure to increased circulating 
maternal IGF-U in early to mJd-pregnancy may provide a 
foundation of Increased placental trophoblast proliferation 
and invasion of tine uterus and its vasculature, which leads 
to increased volumes of both trophoblastand maternal blood 
spaces in the placental labyrinth in late gestation. This would 
be expected to increase maternal blood flow to the placenta 
and enhance growth of the area devoted to exchange Im- 
proving placental transfer of oxygen and nutrients to the 
fetus from the mother. This was consistent with Increased 
circulating fetal amino acid concentrations with earlier ma- 
ternal TCF treatment, near term, Hence, maternal IG1M1 sup- 
plementation presumably Increased fetal growth and viabil- 
ity predominantly by these actions on the placenta. Current 
studies in our laboratory are focused on determining 
whether early maternal IGF treatment increases placental 
transport of nonmctobolizable analogs of glucose and amino 
acids In the fetal circulation and tissues and whether treat* 
rncnt affects nutrient partitioning in the mother. 

Supplementing the mother during early to rnld-pregnancy 
with cither IGF had a sustained positive effect on fetal 
weight length, and girth near term* which is consistent with 
the anabolic effects on the fetus seen at mld-prcgnancy after 
similar treatment in the guinea pig (41). The increased fetal 
weight observed with maternal IGF treatment appears to be 
substantially due to increased muscle mass overall and pro- 
portionately for selected muscles and perhaps enhanced fetal 
bone growth as indicated by increased carcass weights. This 
may be mctabollcally beneficial in later life because muscle 
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Total Surface Area 

Fiq, 4. The effect or cxoBcnous mutomal JQYa on structural corn> 
lute* uf placental exchange function acur term. Proportions (A) aad 
volumu* CS) nT fatal trophoblast, maiar&ol blood Hp«ee*» and fetal 
cnpULorla* la the placental labyrinth (exchanyo region), am watt a* the 
total surface area of jiyacytlutrapbobtast for encannue (C). Data are 
from n « 1-5 placootuo from ouch of novon to nine mothaw pur 
treatment Value* uro cxprtmtwd an moans ± avauL AMitrhkn tlcadto a 
Mfcatii<y colly slffnlflcaat cUfliiruace compared with tho vehicle group, 
P < DM. « t Positive currolutlon with fatal weight* r > 0.34 aud P < 
0,034. 

Is an important site for Insulin-induced glucose uptake. In- 
deed* fetal growth restriction in the guinea pig, Induced by 
maternal food restriction and accompanied by reductions in 
drculatJng maternal TCF concentrations (36), Is characterized 
hy deficits In muscle mass, Increased adiposity in the fetus 
near term (58) and with Increased blood pressure and ln> 
paired glucose and cholesterol homeostasis in adult off- 
spring (59-61). 
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TABXJG 2. Effort of maternal IGF treatment an Utter compartitian 
unci fetal dlmt'mdoa* near tana 





Vo1ilc2o 


IQF.I 


IGF-n 


Duma 


7 




0 


FcLUtfUtt 


IB 


oo 


30 


Fcmalca/malia* 


9/10 


12/10 


14/10 


Total llLicr 


3.42 ± 0.1 


3.36 ± 0.1 


3,67 * oa 


Number viable 


2.73 X DJT 


3.27 £ Q,9" A 


3,40 ± O^ 6 


Number rcwirbhiK 


Q.B8 X 0.1* 


0.09 i 0,l h 


0.27 t O.X h 



Data ore cxp refund an monn £ FKM. 

Qifftrtnt wpawiptM denote nlgnlffrnnt dJflcronw between 
Croups, J* < 0.05. 

The present study suggests that increased maternal TCF-T 
and TCF-TT abundances during early to mid-pregnancy pro- 
mate fetal growth and viability near term by multiple meclv 
antsms. In addition to direct effects of IGF-U on placental 
structural development; which In the current study were 
positively, associated with fetal weights, the IGFs may In- 

TABXJE 3. BCTuct or maternal IGF treatment on fatal weight and 
body composition near term 



Vohid© 



J0F*J 



Fetal wdcat 
Crcwn-ruaip 

lenrjth (au) 
Abdominal 

circumference 

(cm) 

Head width (cm) 
Kidney* Qj) 
(%Body 
weltfht) 
Spleen lg) 
WBcdy 
weight) 

(ft Body 
weight) 
Brnln (gi 
(fc Body 
weight) 
Total OI tract (aj 
CttBody 
welual) 
Caecum Uj) 
CttBody 
welpht) 
Total mttflcle (g) 
(* Body 
wulftat) 
Trkcpit («) 
(%BuUy 
waluht) 
Total fat (q) 
WfcBody 
weipht) 
Reimport tan oa I 
fat Cr) 
CfcBody 
waij&t) 

(ft Body 
weight) 



66.62 S 2,<tO< 77.75 2 IM* 74.03 * l.flD* 
14.00 & 0.34* rasQ^ 14.7? S 0.24** 

B.82 ± 0^ 9.013 s 0.01 £ 0 n 0 ** 



6.81 £ 0.46 
0J5D S 0.04* 
0^9 S 0.04 

0.11 ± 0.01 
0.17 S 0.01" 

3.71 * 0.1B 
C.6 ft QX 

2.49 s .07 
3.8 a: 0.2* 

3.33 S .014* 
5.0 3 0.1 

0.37 * 0,03- 
0.66 0.03 

0J3G ± oar 

0X6 a 0.02 
0.17 S 0.01- 

0*5 $ our 

2,39 ± 0.11" 
3.6 = 0.1 

0.63 ± 0.04* 

0.9 X 0.04 

48.08 s 2.0 4 
73 ± 0.8 



7.07 ± (W9 
0.71 S 0.03* 
0.02 X 0.03 

0,10 S 0,01 
0.13 s 0.01" 

3.77 ± 0.14 
4.9 ± 0.1 6 

2.61 ± 0.06 
3.1 £ 0,1* 

3.76 x 0.11* 
4 J) X 0.1 

0.4U s .02* 
0.69 x 0.02 

0.44 ± 0,16* 
0.67 ± 0.02 

0.22 X 0.01* 
0«U X 0.0Q8 n 

2.77 X 0,09 6 
3.6 x 0.1 

0.78 X 0,03* 

1.0 s 0.03 

C8.01 x 1.8* 
75 X 0.0 



7.20 x 0 J7 
0.67 X 0.03** 
0.91 * 0.03 

0.11 X 0.01 
0.16 X 0,01** 

3.84 £ 0.13 
5.2*0.1* 

2.52 X 0,06 
3,3 ± 0.1-»* 

3J>9 X 0.10** 
4,0 X 0.1 

O.'IO x 0.02** 
0,54 x 0.02 

0.43 X 0.16* 
0.55 x 0.01 

0.21 X 0.01* 
0*f> X 0.007* 

2.72 x 0.08** 
3.7 x 0.01) 
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Data oxamwod a* estimated marginal mourn* x «km udJuaLcd Tor 
the number of viable fotanen per litter. Only t Issued that were elir- 
nlDciiaLjy tuToctod by treatment are imown. Otfleraru superscript* 
denote tfljt ntfiean t difference between Rrmip*, a vs. 6. P < 0.06. 
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FtO. 6, The effect of Qxagonouti maternal IGF ixcatuianL ua fetal 
weiirUt uhitrlbutlaa (A} and en the motodatten of fetal weighta with 
plnecutal wdtfhtu CB), Each fetux from rteven to nine mothers per 
treatment ts rcprcscnLed. 

crease nutrient transporter expresirion (20-22) and/or pla- 
cental vasodilation (26}, which would allow lor more ?ub- 
strate to be delivered to the fetun for Its growth. The TCFs may 
also Influence placental metabolism and function, which, b 
turn, may drive major physiological adaptations to preg- 
nancy In the mother. Including the development of insulin 
resistance to divert nutrients to the canccptu* (62-64). This 
ha8 been attributed to placental production of hormones 
Including estrogen, progesterone, and placental lactogen (64, 
65) that reduce maternal insulin secretion (64, 66) and an- 
tagonize the effects of Insulin on malemal tissues, including 
fat deposition (65). Treatment of the mother with TCF-TT en- 
hanced placental weight In mld-pregnnncy (41) and fa ac- 
companied by elevated maternal circulating estradiol and 
progesterone concentrations, although these were not slg* 
nlficant Tills would be expected to amplify Insulin resistance 
and other adaptations such as fat deposition in the mother. 
Consistent with this, exogenous IGMI during early to mld- 
pregnancy in guinea pigs Increased maternal interscapular 
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naacyj FFA, free fatty nclds; CUiic. glucose: 
Trig, trt«tyi»rldo«. /UrirrX/iA* denote a statisti- 
cally al|mJJIcuat difference compared with the 
vehicle tfroup, P < 0,049, 
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adiposity at rnid-prcgnancy (41) and there was a trend to 
raised maternal drculatingglucc^ecanci^tetiDjwrjear term. 
These increased maternal adipose stares were depleted to 
normal by late pregnancy in the current study, which may 
have further enhanced nutrient availability for the fetus, 
cither directly or indirectly* This suggests thatlGF-H act* on 
the placenta to increase fetal growth, by sustalncdly pro* 
motlng plnccntal development but additionally may cn- 
hance maternal physiological adaptation to pregnancy. 

The mcchnnism by which increased maternal IGF-J abun- 
dance in early to mid-pregnancy sustainedly promotes fetni 
growth is less dear. The enhanced placental weight at mld- 
gestation by prior maternal IGP-t treatment (41), which is no 
longer apparent in late gestation, may have had persistent 



effects on the fetus that increased fetal growth near term. In 
addition, unlike 1GF»H# IGW did not increase maternal, fat 
deposition hi mid-pregnancy (41) and in foct reduced fat 
depot weights near term. Reduced perirenal fat weight was 
associated with Increased maternal circulating progesterone. 
Reduced adiposity may reflect increased mobilization 
and/or reduced deposition during pregnancy, which may 
have Increased substrate availability in die maternal circu- 
lation for fetal growth. This has been observed in growth 
hormone-treated pigs where maternal drculating TGF-I con- 
centra rJon was elevated and assoriated with reductions in 
weight of maternal backfat depots (67). Another possible 
explanation Is that larger fetuses of IGM-treatcd dams may 
signal to the mother via nutrient sensors In the fetal circus 
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Fia. 7, Tho ctPuct of uxojpmmui ICFm to mmwrnal wniRht &nln during 
projrnnncy. Female yulucu pttfJ wore weighed three times woakJy 
during the study to determine on average t*ouldy vrmght, from t wk 
before mntiim And during prtgniuicy up untH ItUL MJnipumna were 
tocrtod on d iiO afntupnancy to deliver vehicle, IGF-I, nr XOV»U for 
18 4 Term, which in approximately 67-70 d af prctjuuney, to denoted 
on the gronk Data are from seven to nine dam* per treutmo&t, and 
valuta ore axprnHnod en moans £ srm. 

Intion (such as IGB nnd itwulin), to Influence placental 
tabolfcm and Increase mobilization of mnternnl adipose tis- 
sue stores lute in pregnancy. 

These differential TCP effects may teftec* their dtetinct 
Intern cHons with various rccep torn, because TCP-T bl nds wl th 
high affinity to Ihc TCF1R but negligibly to 1GRK, In con- 
trast; TGF-fl binds to both these receptor*, a« well as to the 
Insulin receptor, Tn the current study, during jrddopreg* 
nancy, the guinea pig placenta ubiquitously expressed both 
IGF receptor proLelns. More importantly, however, at the 
time of IGF treatment, IGFIR and TCF2R were localized to the 
apical surface of trophoblastic within large maternal blood 
vessel* and blood spaces of the labyrinth* In addition, insulin 
binding sites have preciously been identified In trophobbst 
of the guinea pig placenta (68-70), This pattern of expreaitian 
Is consistent with the localization of alt three receptors to 
placental trophoblasis In humans and rats [56, 71-77) and 
abundant expression of IGFiR and IGF2R in Invasive tro- 

TABLE 4* Effect of maternal I OF treatment on maternal edlpoHo 
tiftroo weights near toriu 
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Data oatnmsood op moans 2 em. Only tbuues that woro uluniG* 
cuntly aflertnd fay treatment are shown* Set body mum \a wchjht lit 
postmortem minim the utcrtw and contents Limn body nines Is net 
body mass minus total fat, Ttamo weight wn* eatculnted as n per- 
centaRo or net boo*y mass. Different aupnnmtipto denote aigniflennt 
difference between groups, " os, \ & < 0.05. 



phoblaat population within thchuman decidua and its vas* 
eulature (75). 

The spedfic effect* of JGF-tt on the placenta, which were 
not evident In IGF-l-trented animals, suggest that IGF-H ac- 
tions on the placenta may be mediated by the insulin recep- 
to r, wh ich has been implicated in mediating IGF°II effects on 
fetal growth (7B) or by the TCr^R, %vhlch It binds with much 
greater affinity than the IGF1R There ta evidence to suggest . 
that 1GF-E acts through TGF2R to promote trophobkist mi- 
gration and invasion (79), and placental anglogcncsis and 
vascular remodeling (80). 1GIM1 then, indirectly at least; may 
enhance placental function by Increasing blood supply to the 
placenta. Tn contrast, the effects of maternal IGW treatment 
are likely to have been mediated by the 1GF1R. particularly 
because this treatment also reduced IGF°n in the mother* 

In conclusion, increased maternal JGF-TT in early preg» 
nancy sustalncdly promotes placental structural and func- 
tional capacity and fetal growth and viability, whereas IGW 
appears to act through the mother to enhance fetal growth to 
near term. This suggests sustained major and complemen- 
tary roles in placental and fetal growth for increased circu- 
lating TGFs In Hie mother in early pregnancy. 
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